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JAR BURIALS IN THE BABUYAN GROUP, 
PHILIPPINE ISLANDS, ESPECIALLY 
THOSE OF DALUPIRI ISLAND 

HARLEY HARRIS BARTI FTT 
SAXL BtJRULB ON CAMIOUIN ISLAND 

D uring 1911 Merton L Miller,' of the Philippine Bureau of 
Ethnology, pubhshed an article on the burial tnounclR of Ca- 
migum Island m the Babuyan group, baaed upon a tnp of ar- 
chaeolog;ical investigation whuh he made in April, 1910 His interest 
in the island seems to have been inspired by Captain Mitchell, of th< 
Signal Corps of the U S Army, who, m 1909, had opened two or 
three stone piles on Camigiun and had found a large earthenware^ 
jar in the center of each 

Miller investigated bunals on the volcano known as Dakelabalai, 
at the southeastern point of the island Especially on the southwest- 
ern slope there were several bare places of ten to twenty hectares in 
area with fumaroles, and on or near these fumarole areas the bunal 
'^mounds*' RCre found He saw some ^‘mounds^’ on the northeast- 
eni slope of the volcano also, but others that were reported to him 
proved to bo natural rock outcrops He believed, ho»vevcr, that 
there were other burial places that he did not see 

At the time of MiUer^s visit there were only about ninety persons 
on Canugum, recent imtmgrants, mostly llocanoa It was reported 
to him that twenty or thirty years before a population of nevcral 
thousand had died of cholera, but he found on the forested island no 
clearings where such an extensive population could have hved If 
clearings had existed, they had been obliterated by secondary brush 
or forest No old local stock among the people was detected , although 
some of them bad been bom on Camigum One pomt m Miller’s 
article, which he does not stress at ail, mdicatea that there may be 
even yet some trace of true Babuyan blood on the island (The 

^ Mittsr, Merton I , '*The Burfal Mounds of Camigum Island,*' Ph4 Joum 
Sei,m 1-5, Ha I-V 1911 
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migration of the BabuyanoH to Litton in the years from 1690 to 1745 
irt dis( nssed In Ioa\ ) Ac cording to Miller, a young man said that he 
had heard from an old man that they formerly buned the dead in 
earthenware \es(>els, cutting the legs of the corpse at the knees so as 
to make it jiOHsible by doubling the legs, to put the entire body into 
a jar Ihis may be a real tradition but may on the contrary Xu 
inerciy a supposition of some intelligent immigrant 

Miller discovered a number of \cry interesting facts The jars 
wen of two kinds those big enough, when covered with an inverted 
one c;>f the same sort for a lid, to n ecive an adult liody in a scpiatting 
posture, and otheis too small to have served as receptacles foi any- 
thing but bones The largest were sixty eentirmfers in diameter and 
eighty tall, the smallest twenty centimeters in diameter and twenty 
tall Those that he interpreted as receptacles only for bones had 
oi>enmgs not more than fifteen centimete rs in diameter, i e too small 
to receive an unbroke n skull or the body of e ve n a young child Lids 
were of two kinds, some being merely larger jars of the same sort, 
whereas “others seemed to have covered the o|xnmg of the vessel 
and to have extended hut a short distance beyond the edges * 

Although Miller stated “There ean tn no doubt that these jars 
were used for eontainmg the bones of the dead “ he found the merest 
unidentifiable fragments of bone in two jars and a small piece of a 
skull hone in a third In two jars were “a few common, pale blue 
glass beads” and *a pieie of dark brown loosely woven, coarse 
fabnt whie h fell to pietes at a touch He intimated that “a black 
sticky mass” in one jar “whu h had a very unpleasant exlor ” showed 
that a corpse had decomposed m the jar One doubtless had, but my 
own cxpienence would lead me to believe that the odor was not that 
of the ancient corpse but merely hydrogen sulphide derived from 
sulphates by the reducing action of humus, currently produced by 
the decay of plant roots, dead land snails crabs, and what not 
Miller's eonclupion is that two modes of disposing of the dead 
might have bee n followed at the same tune namely, that of placing 
the entire body in a jar and that of placing the bones only in a smaller 
jar after the flesh had lx?en removed or had decayed 

A recent reminiscent account of the excavation of bunal places 
on the Island of Camiguin by Captain Fred D Burdett * gives c^r- 

« Burdett, F D , H amiguin Island — Home of a Lost Race," Phtkpmne 
UoQcavM, 33 28-29, 34-^36 1936 
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Jar Bunali tn the Philippines 

tarn information that is apparently intended to be reliable, since it 
repeats in large part an artn le which he contribute rl to Man in 1927 * 
He went t/O Camiguin in a little thirty-foot natn< boat with a enw 
of Ilotanos, at thf suggestion of Henrj Gardnur tuguson of the 
Philippine Bureau of MiiUh who had told him that there wen 
"literally thousands of burial mounds of a long lost rafc hi attend 
all over the island, so that at om tinu it must have lx c n very thickly 
populated Their dfstindants wen cvuhntly annihilated m sorm 
great volcanu eniption which distroycd every living thing on the 
island, possibly centunes ago The only living iieopli on th( island 
are a few Ilocanos or Gagayanos I he /ongoing passage, 

although written as a dinct quotation, need not be supposed to rep- 
resent kerguHon s ideas with entin fidelity Ferguson is said by 
Burdc tt to have been marooned on C aimguin for thn c months 

Without placing implicit faith in tlm more hind details of Bur- 
dc tt's articles, one must credit pait of what lu has to say He < rossccl 
the island from w(st to cast in order to visit a crater in a voicanu 
ash bed when then was a great deposit of sulphur "On the opposite 
side were three ndgts running down to wliere w» were standing and 
as a gust of wind blew the steam away, I noticed that they were 
covered with stone cairns Largo cairns dotted the two outer ndges 
but the middle one was covered with smaller ones It was, we later 
diHCovered, an ancient burial ground — for men on one ndgo, women 
on another and children in the middle Some ol these cairns had 
bes*?! covered with masses of almost solid sulphur 1 could not help 
thinking what a value the Smithsonian Institution or some other 
great museum would put on these extraordinary looking cairns On 
opening one of them later on, I found the large urns and the bodies 
they had contained had been displaced by pure, crystalline sulphur 
m its most beautiful form The men’s cairns were some eight 

feet in diameter, the inner part lieing earth mixed with small stones 
enclosing urns about four feet high, while the outside was a wall of 
rock built round to hold the mass together ” 

The foregoing quotation is from Burdett’s later and pre sumably 
less careful artide The earlier article explains why he concluded 
that the three ndges were used respectively for the bunal of men, 

* Burdett, !> D, '^A Note on tht Discovery of Burials m the Volcanic! 
Craters of Camlfcuin Island off the Coast of Northern Luzon, ' Afan, 27 174- 
ira 1927 
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children, and women “The three ndges running down into the golfa^ 
taraa we found contained three different claaees of urns The eastern 
were all big caims, and contained big um« evidently for adult men, 
which we venfied later in two instances where the urns were not 
transformed mto glowing sulphur The western one contamed smaller 
urns, which were evidently those of women, tlie center ndge con- 
tained only httle wee urns and was evidently the children's cemetery " 

I shall now quote again from the more recent article “While my 
companions, apparently without any fear of the numerous crocodiles 
were day after day ftshmg I continued to explore the island 
and found it literally riddled with crater holes, but none were really 
active and nearly all were what are known as dying volcanoes In 
every one or m the immediate vicinity were scores of the bunal 
cairns, possibly of great antiquity, while high up alx>ve the volcjinoes 
slumbering below were great grave yards of thousands of caims 
One um I found was evidently of Chinese origin, aa there was a 
great dragon running around the outside of the um, and jade beads 
were found in others, relics possibly of a very ancient civiluBation 
As regards walls of houses or rums of any kind, not a trace, only 
the stone walls of the buna! cmrns were left, and I have no doubt 
that there are scores of grave yards elsewhere buned underneath the 
great deposits of volcanic ash that cover so much of present-day 
Camigmn ” 

In the earlier article, in il/an, Burdett gave practically the same 
information, but was more guarded m that he said the beads found 
with the jar burials were '^apparently of jade" and that the one 
exceptional jar which was not of poor naUve-made pottery “was 
undoubtedly of Chinese, or Japanese, origin, as it had a dragon drawn 
on the outside of it " He also adds some details about the human 
bones, whuh (to the present writer) seem quite fanciful He says 
“We found, later, bones of exceptionally large si*e in several outly- 
ing places, the skulls very retreatmg, the jaws prognathous, the 
humerus bones were exceptionally long, very like the gonlla's, while 
the femurs were correspondingly short, and the teeth were perfect 
and rounded so much that the incisors could hardly be recognised, 
the teeth had the appearance of people who had lived on a purely 
vegetable and fruit diet " 

Although Burdett refers to the jar bunals as the “sole cfvldenoe 
of a long lost race," a race which he would evidently have his K*Aders 
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conclude to bo physically distinctly anthropoid, his mention of Li 
Ma Hong's visit to Caimguin for sulphur is extremely suggestive, 
for it indicates the possibility that th< re may have been direct C hi- 
nese influence there long l>efore that great pirateV day The supposed 
resemblance of the bones to those of the gonlla smacks too mui h of 
Simday newspaper science, and, lacking verification, must be dis- 
missed as incredible It is unfortunate indeed that accidental de- 
struction was the immediate fate of “two sets of urns in perfect 
condition, with the skeletons m them intact” whuh, according to 
Burdett, he succeeded in getting to thi Manila Museum by consid- 
erable work and after much anxiety and expcnsi , only to have them 
destroyed by the clumsiness of some workmen 

OTHER REFERENCES TO JAR BURIAI IN THE BABUYANES 

Camigiun Island is the most southeasterly of the Babuyan group 
To the west is Fuga, for whuh I find only one referent e to jar bunals, 
and that one, unfortunately, giving no first-hand information WiD- 
fox, the author of one of the most informative and valuable travel 
books on Luson/ referruig to a tnp by boat from Aparn to Manila, 
has this to say “Our journey did not, much to my disappoint- 
ment, include the side tnp sometimes made to the Babuyanes Islands 
for cattle One of these islands, Fuga, w especially inten sting, urn- 
bunal prevailed in it in the past, the urns m some cases being ar- 
ranged in a circle around a central urn or altar Moreover, there is 
in Fuga a stone building known as the Castle, with arched doorways, 
said not to be of Spanish ongm, and near by is a plain stn wu with 
human skulls and other bones, probably the scene of a battle The 
skulls are remarkable from their great siae, some of them being re- 
ported as extraordinary in this respect ” Here we probably have, 
intermingled with fable, some substantially valuable clues, indicat- 
ing that Fuga, and indeed the whole group of islands, should he 
carefully investigated by qualified archaeologists 

To the north and a httie to the west of Fuga is Dalupin, where I 
made the observations recorded in this article In line with Dahapiri, 
extendmg northeastward, ajre Calayan (Kalayan) and Babuyan 
Claro There seems to be no information regarding Babuyan Claro 

* WiUoox, ComfiliB De Witt, The Head HvnUrt of Northern Luatm Ktom 
to Koknga a Ride (hreugh (he Mountatne Norihem Lue&n (Kansas 
City, Mo jp'ranklin Hudson Pushing Co , 19U)i pp 256-267 
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llu ancient bunal mounds of Calayan Island, accorduiK to an 
article by Inocem lo B Maddela,® are locally called kumikuTty and are 
aacnbed to the “Tirong/* Moro pirates of Mhom HtoncH are ntill told 
on the Inland Legend has it that some of the Tirong gave up 
piracy and settled among the people of tht island, taking Christian 
TMves, but since they A^en not converted to the Catholic faith the 
cura would not let their dead be buried in conseerated ground 1 he 
'j irong therefore built the kunukun along the shore This legend 
must certainly confuse the truly ancient islandera with very late 
comers, for the Tirong are probably correctly identified by Mad- 
dela with the Tirones of Philippine history, who were (jwrhaps un- 
willingly) alhc s of the Joloano pirates Ihe latter were tlu terror of 
Philippine seas and coastal tcjwns for three hundred years, but the 
particular I irones who may have reached tht Babuyan Islands must 
have come latei than 1749 if the legend is correct that they were 
sent by Sultan Bantilan to harass the North after he usurpe^d the 
throne of Sulu during the historic visit of his brother Sultan Ah 
Muddin to Manila C Ic arly the settle ment of a few small boat loads 
of pirates at so late a date can be only a Active explanation of the 
abundant remains of an ancient culture on the Babuyanes There is 
nothing to suggest Muhamadan bunal in the construction of the 
kunukuriy nor do the few heads which arc the certainly reported 
artitacts of these Calayan graves indicate a recent Muhamadan cul- 
ture 

In my opinion wc may definitely identify the 1 irong or firones 
with the present Tidong of the east coast of Borneo Ihe latter 
were mentioned as long ago as 1779 by C/aptam Forrest,* whost ac- 
count of them IS ciuoted by H Ling Roth ^ as follows ‘^On the N K 
part of Borneo is a savage piratical jasiplc called Oran It dong, 
or Tiroon, who live far up u rtaui nvers 1 he Sooloos have lately 
subdued them by getting tht Rajah (or chief) into their power 
Thest Oran Tedong fit out vessels large and small and cruise among 
the Philippine Islands, as has Ik on formerly said Ihey also cruist 

* Maddda, Inocencio H , * The Tirong, Ancient People of the Babuyan 
Islands/* Phil Mag f 84 18-19, 139 1987 This article was receiwd after the 
meeting at which the present paper was read 

• Forrest, Thomas, A Voyage to iVew Ownea and the Moluooaty from Balani- 
bangan Ixmdon T l^baon, 1779 

^ Roth, H Ung, The Sattvee of Sarawak and BrUtek fiforih fiornro, 2 vnls 
(New York Tnislove and Comba, 1896), I 35-36 
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fnnn their own cotmtry, went to Pirate s Point and tlown tiie (oast 
of Bornt'o, a« far as the wiand of Labuan The Oran Todong 

live very hard on their crui^te^, thfir provwions somttimea being raw 
sago flour 1 h( y ha\ e not attop or [boat] cov ( nng nay, RometimeH, 
as the Sooloos have told me they go, ps|)eeially if it rams, stark naked 
The Moors of Magindano and the Illanos, also Moors, despise these 
peoph When they meet, fiowever in roads and harbors among tht 
Philippines, where the common prry is, they do not molest one 
another ” There is an excelh nt modern account of tlu lidong, nho 
still live on tlu last coast of Borneo and who art guui a pntty 
good character by the official knew them best * Taking ai( ount 
of the pccuhantieH of Captain Lorrest's Lnghsh spelling wc may 
changi hiH Oran Tedong or Tiroon to Orang 1 idung or Tirung, for oo, 
of eourst merely repnsdits w, and hts siielling of orang (Malay and 
Tidung for ‘^man”) shows that his final n may be rtnderfd as ng 
His spelling Tirun is in conformity with the Spanish firon ( learly 
theis need be no reasonable doubt about who tlu lining of tlu 
Calayan legends were 

Maddcla’s article leads mi to Riisjutt that I may ha\e ovi rlooked 
an larher at count of Calayan Island by \ E Lilms, who, accom- 
panied by Maddela, made excavations there in 1932 Lilins (the 
author of / Sailed with Chinese Pirates) is quoted as regarding the 
bunal cairns” (kunukun) and the jars (ranga) as of Chinese origin 
Maddela, however, believes that the jars wen made locally from red 
( lay deposits at sitio Bangaan (“nee-pot place ”) His article make‘s 
several other interesting juiints 

JAK nraiAi on dai upjri lei and 

I visite<l Dalupin Island for hotanual collecting from October U 
through Novembi r 5, 193^, in company with Mr Jos6 V Santos and 
Mr Moises Kalaw of the botaniial staff of the University of the 
Philippines We unfortunately failed to visit the topmost area on 
the island, whcie archai ological remains are said to be most abun- 
dant, but did sfumd part of a day in getting what information wc 
could about the bunal places that are to be seen near the mouth and 
along the sides of the cafton called “Manoloiig ” On July 17 1 had 
had an opi)ort unity to see the island frcim the air, dunng the course 

• Beftoh, Mervyn W H , The Tuiong Ihatecls of Borneo Oxford Clarcndoci 
Proas, 1908 
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of a flight made by Majar-Qeneral Parker and Vice-Governor J R 
Hayden for the purpoae of locating landing fields in the rough and 
difl5cultiy accessible islands north of Luzon In bird'e-eyc view the 
island IS low on the east, gradually sloping upward to an elevation of 
perhaps a thousand feet at the highest point, and breaking away 
abruptly by a steep declivity to the sea on the west It la greatly 
overgrazed and has open range or brushy second-growth forest over 
most of the surface, except in deep cafions or ravines which traverse 
the island from west to east These ravines, of which Manolong is 
one, contam some luxuriant and relatively original vegetation, in 
which a good many interesting species persist in spite of the long 
penod during which the island has been inhabited 

Manolong ravine anses on the plateau just eleven paces from the 
western escarpment, from which it leads directly away The island 
appears to have been, prior to the elevating by faulting, a relatively 
low and sandy one (the original surface is sandy, underlain by con- 
sohdatod clays, sandy claystone and sandstone) and to have been 
elevated along a fault, parallel with the western shore, which sheared 
the Pleistocene coral reef m two and elevated part of it to the posi- 
tion that it now occupies along the western nm of the escarpment 
Consequently one climbs up the steep western face of the island to 
what was the shore line in relatively recent geological tune and then 
walks down a gentle sloiic which was then the upward slope to the 
top of the island The direction of westward-flowing drainage was 
revi rsed, so that in a very few years the gully which is the beginning 
of Manolong ravine will touch the western edge of the plateau The 
old residual soils are red The present area of the island is greater 
than it was at the tune of the Pleistocene elevation, for considerable 
areas of the eastern part are covered with elevated coral, and there is 
c^rat along the western escarpment as well Some of the coral blocks 
along the western edge of the dd soil area were probably broken from 
the reef and, prior to the upfaulting of the old shore line, were rolled 
by surf to the place where they still ho 

The lower courses of the ravines on Daluinn have running water 
The surface of the island is so pervious that (as far as we saw) there 
IS neither swamp nor standing water Consequently the permanent 
population IS on the eastern side (at the village of Visita), although 
there was formerly a house on the western where mtenaland 
boats occasionally come to load hvestock 
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Even on the eaetern side of the island there has been some eleva- 
tion South of Visita at the mouth of Manolong ravine the ehffg are 
picturesque and rough The elevated coral has been weathered, so 
that it 18 covered with thin blades, spines, and spicules that crunch 
underfoot and cut shoes to tatters There are clefts, fissures, and 
t revasscs that ot>en laterally into Manolong ravine or direi tly through 
the sea (liff These, of course, had their origin m such tidal races as 
those through which water ruahts baik to sea after tht bivakera roll 
in over the preacnt coral reefs 

A high point on the <*dge of the sea cliff had been walled up, pre- 
sumably at some ancient time, to serve as a Uwkout station Stran- 
gers coming from the sea would naturally land at the outlet of tlu 
little creek in Manolong ravine, m order to get fresh water This forti- 
fied site (see PI I, Fig 1) gave a view all along the coast and was only 
a few paces from the caflon, into which watchers could estapc unsei n 
to warn an inland village Inside the wall was a thick deposit of 
fragments of coarse pottery and sea shells, on the surface of which 1 
found one shard of old undergla*e blue Chinese jiorcelam 

With one other dubious exception (a bit of wall at the edge of th< 
cafton, which had no other obvious utility than to serve as a lookout 
station), the remaining structures all appeared to be graves 

The latter fc^ow a defiiute style of construction and are quite 
numerous along the open country near the nm of the cafion Some 
had been badly demolished, but others were reasonably well pre- 
served Each consisted of a circular enclosure from eight to fifteen 
feet m diameter, the wail being of rough coral rock, laid without any 
great care in fitting and without mortar, and originally about four 
feet high (see PI II) In the center the jar was sunk about to the 
nm in the earth (see Pis III-IV) At the time of bunal a second 
inverted jar of the same sort fitted outside the nm of the lower one, 
so that the two formed a coffin sufiSciently large to take a bcnly tn a 
squatting posture if the knees were doubled up under the chin 
Radiating toward the overlap of the jars, and actually touching them, 
were several large heavy stones, between and over which were 
tightly chinked many small stones, forming a pavement at the center 
of which the upper inverted jar must have been exposed This, 
bemg unproteet^, has, in every example seen, been broken by stones 
being thrown upon it The lower jars, even if cracked, are quite 
hkely to be sufficiently intact to bold rain water, and to be filled with 
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a black, fetid, decomjxmjng mass of extraneous organic matter and 
soil The odor is large ly that of hydrogen sulphide, and is contrib- 
uted to by small dead animals such as crabs and snails (1 he hermit 
crabs that live in borrowed sea shells dimb up from the shore and 
may be found, alive and very active almost anywhere ) Bones have 
been almost entirely dissolved by the ram water and organic at ids 
from th( humus trom the one jar that I excavated carefully (it 
had already been rifled) every bit of heavy material was examimd 
after washing out tht blatk mud by susjjension and detaiitation I 
n covered only a few unrei ognizable fragments of rotten bone 
Thrown out of the jar by a formei lobber were fragments of bone and 
one inolai tooth (Mus Anthro|)ol , Univ MHh,No 17554) Iherc 
wfn no Iwaids or other artifacts whatever in the lower jar except 
fragmcuits of the upper jar 

The picture hit in the mind by the excavation of one giave, tho 
more superficial examination of two, and observation of several others 
was that of a circular tmlosurt breast high, four or five paces 
across, pav ed within by a layc r of stones about a foot thick, abov e 
which at the cc nter of the enclosure, the upper cover jar of the verti- 
cal pottery toffiri probably piojected somewhat, like the hub of a 
whc'cl The construe tion is fairly well indicated by the photographs 
shown in Plates II III from each of the two cnclosurts photo- 
graphed (aside from the one fully excavated) I took the precat^ten of 
removing enough d^bns to ascertain that the lower bunal jaif* Was m 
place There is no reason to lieheve the stnictures are not all alike 

Many if not most of the entlosures have been disturlied and are 
more or less broken down but careful excavation would doubtless 
disclose artifiKts I urged the resident manager of the island, Dr 
Manalo, to use his influence to have the graves remain unmolested, 
HO that some comiietent archaeologist may sometime find out more 
about them The present population cannot resist the temptation 
to hunt treasure, but do not dare to keep the finds, which, in their 
estimation, have not been worth the danger incurred m retaining 
them We have heard tales of fine beads and bracelets (even gold 
onesO that were thrown away becAUse of the superstitious belief of 
the people that they will have bad luck if they keep old things found 
m the gravels There is a story that one man, now dead, became very 
ill after finding a great lot of fine beads, so he threw them all away 
Our local guide, Cardo, said he once found a fine blue-and-white 
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pinggan (“plate”) which ht “thrt w,” an he put it heoauwe of har of 
what the f?host might do to hmi Cardo knew four boys who had 
found platiH, but when he tried to get them for me h( found that 
they had lieen “thrown” m order to a\oid misfortune There is 
no actual evidence that the rclatmly Ktc blut-aml-whitf articles 
(no older than Mmg) were in assoiiation with tht jar burials, 
and e\en if they were, they may have been used for off* ** rings to the 
dead Wares of all ages including the most n cent, are hk« ly to be 
used for offerings at old bunul places in the Malayan region 

All the jars and fragments of jars sc in by im ixen of the cnidest 
possible earthenware, burned unpt rfcctly and madt of clay that con- 
tained organu matter, as was indicated by tlu black fracture of 
broken pieces that often showed a carlionaccHius interior, with only 
the surface nd buff, or grayish I he clay was probably of local 
ongm, for there an plenty of exposures on tht island of gntty clay 
stoiu as well as saiiclstones The hurning was doubtless done in 
o|x*n bonfires, m tlie usual Malayan way I am inclined to discount 
almost 100 jier cent Burdett s story of tin* burial jar with a dragon 
around the outside 

There are not a few hunal < nclosures along both rims of Manolong 
caflon The highest rannt of the island is r< fMirted to be coveied with 
graves Large areas of Dalupin howtver, have no obvious archae- 
ological renmiriH Ihere are massive fences of loose stone near Visita, 
hut these are presumed to date frenn the recent development of the 
island into a lanch Maddela* credits the budding of a rough 
wail (Malayan Island to the initiative of an eai ly S|)anish rura 

MIGRATION OP THE BAhV\ANOB TO Ll^/ON 

Wc found no people on the island who were suppostnl te> Im of old 
stock The entire jiojmiation ol approximately three hundred t)er- 
sons us ioeally believed to he of recent ongin from t he Ilex os Provinc* s 
and Caifayan It would seem incredible that there should be no 
descendants of the old Babuyanes if, as fortunately they do, no 
historical records remained to indicate what became of them and 
where they presumably live to the present day Schecrer calls 

* Aft cited in note 5 

** Sebeerer, Otto “Zur Tthnologie der fnaelkette Ewiwhen lu*on und bor 
mosa,” HUUniung^ d dfuisch GeiielU f Nalur und V HikerkuncU ( rok>Q 

190dh U 1-31, Taf I~VI 
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attention to the historical record that the people of the Babuyanes 
all migrated to Luzon in the years following 1690 Indeed, as late 
as 1885, the language of the Babuyan Islands as well as of the town 
of Malaneg, Cagayan, was said by Jordana to be ** Malaneg ” No 
language or direct so named w listed by Beyer^^^ and it may have 
become extinct Nevertheless, a search of the locality for dialectical 
peculiarities would even at this late date be very desirable Scheerer 
says that the Babuyanos received their first Spanish missionary 
about 1686, and that about 1690, when the missionanea found life 
m the Babuyanes intolerable, they sought a way out of their difficulty 
by settling their new converts in Luzon The king of Spam objected, 
and ordered the people returned to their homes, but, in spite of this 
order, renewed emigration took place, winch, m the years from 1740 
to 1746, completely depopulated the islands So it is to be under* 
stood how the Ilocanos ^cre abk to step unhindered into the place 
of the departed Babuyanos There is even a record of Christian con- 
verts from the Batanes under the Dominican priest P Bel attempt- 
ing to colonize the island of Calayan in the Babu3ranes in 1720 
Half of these colonists starved and the rest migrated farther, to 
Luzon 

Malumbres quotes a letter, addressed to the provincial vicar 
and written from Camigum m 1743 by the famous Fr Jos^ Tomds 
Mann, which givejs a graphic picture of the hardships that were en- 
dured by the clergy and civil servants in carrying out the migration of 
islanders from the Babuyanes and Batanes to Cagayan Malumbres 
also quotes old documents stating the number of tithe payers from 
the Calayanea, Batanes, and Babuyanes who were transported to the 
pueblo of Bugay (273 tithe payers) and to the vicinity of Tagga and 
Totol (110 tithe payers) Ho tells us that Fr Mateo Gonzales 
moved the islanders of Babuyan Claro to Amulung, Cagayan, and 
was the first pnest to serve and evangelize the Batanes, that Fr 
Jer6nimo Ulloa was devoted to the churches in the Babuyanes, 
that Fr Jos4 Tom4s Mann bore the brunt of responsibility and tod 
in the migration of the islanders 

^ Jordana y Morera, Ramon, Botqueho geo(frifieo e htHdneo^natwal dd Areht^ 
ptetago FihpiTto Madrid Impronta de Moreno y Rojas, 1886 

” Beyer, H Otley, Papylatujn qf the Phthpptne tehnde »n iS/tf Manila 
Philippine Education Co Ino , 1017 

V Malumbres, Fr Julian, Htaima de Cagayan (Manila Tip 8to Tomds, 
1918), pp 70-72, aiO-812, 432-484 



Jar Bunals tn the Philippines 


13 


ANALOGY WITH BURIAI CUSTOMS IN SOUIH CHINA 

In one of the largo laterally exposed pits of the t h vated reef at 
Manolong we found a big toarso earthenware jar ciimked in with 
rocks It had been broken, and contamtd no bonis, but I photo- 
graphed it (see PI I, Fig 2) Hudi jars aie said to have been (luito 
numerous m clefts and on ledges of tht (hflfs and stu j) slojies, but to 
have lieen broken by stones thrown at them Tht jar sk n was not 
larg( enough to hav e contauu'd an adult body, but would have served 
for a chikl, or for tin rcdisixjsal ol exhunud bom s Tin re is only tht 
word of the present inhabitants to nulitatt that bonts ha\( been 
found in such jars, and of eoursi the disintigration and solution of 
th< sk( letons by rain aatir and humus acids would tak< placi rapidly 
as soon as the covers W( rt destroyed 1 here should b( no expei tation 
of finding bones m disturbed jars, and henet no reason to suppose 
that the isolated jars without the t laborate stone em losun and floor 
represfnt anything else than a simpler method of disposal of the 
dead, used perhaps for ( hildren or persons of lowly status 

It waa thw h ss elaborate type of jar sepulture that struck me as 
having a close parallel in South China Iht jar photographed in 
sUu (see PI I, Fig 2) was of about the size and shajie of those whi< h 
one sees about Kowloon in the rocky places, containing bones only 
In South China the liones are preserved in jars after a body hits been 
originally buned and allowed to decay in a place of such good auspici s 
(Jung shut, literally, “wind and water”) that it muat be used over 
and over for bunals In thickly populated China hardly anyone is 
important enough to stay permanently in a very desirable gra\< ! 

Since it IS not always easy to find in the literature satisfactorj 
descriptions or illustrations of commonplace things such every 
traveler sees but does not bother to wnte about, I venture to publish 
hire for companson some pictures taken at the picturesque walled 
village Na Chm Moy, near Kowloon, in 1919 This interesting 
survival of old China was demolished m the interests of iiioderniaa- 
tion and sanitation in 1926-*27, but Kwangtung Province doubtless 
has thousands ot localities presenting similar scenes 

The hill that rose behind the village wall w covered (or was, 
in 1918) with beautiful residual boulders around each of which were 
arranged a group of jars with fiat saucer-hke lids weighted down by 
stones (see PI V) Each jar contained a skeleton, removed to this 
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less auspicious place after preliminary bunal m a place of good omen 
(fung ahui) 

It IS also not unknown in China to blame the inappropnate fung 
fthm of an onginat place of bunal for family misfortunes, and thus 
to excuse the sale of a tomb for mere profit The bones, m a jar, are 
then stored away in sheds, or, if there are rocky hills or mountains at 
hand, are put under overhanging rocks or in whatever place ofifers 
De Groot'* says that the ^‘potted Chinamen/’ as foreigners ludi- 
crously call these robunal jars, art pretty safe anywhere, for they are 
unglased, of the cheapest possible pottery, and not worth the nsk of 
stealing, for m China the laws exact severe penalties for disturbing 
human bones, and most of the people are very superstitious about 
doing so 

Chinese customhouso officials deal with many sets of bones in 
the luggage of repatriating emigrants every year These are the 
bones of relatives or friends who have died abroad, brought home to 
be either entomlied or added to the numberless "potted” skeletons 
of China 

Rebunal m China has been m vogue from very early time, al- 
though always decncd if done meiely for the sake of the gmn to be 
denved from the sale of the tombs of one’s ancestors It was ap- 
proved m the case of a stranger who was to be forwarded to his native 
place, and this gives reason to suspect the influence of expatriated 
Chinese m the ;ar bunah on Dalupin De Groot quotes ancient 
records showing that lu the early part of the seventh century there 
was methodical rebunal in grottos by the tribes, then known as Man, 
who inhabited Hupeh and northern Kiangsi Of the entire country 
of Kwan-sin in Kiangst it was said only two centuries ago "Two or 
three years after the interment they open the coffins, without any 
palpable reasons, wash the bones till they are dean, place those of 
each corpse separately in an earthen jar, and bury tlie latter in the 
ground ” There is, or at least was at the end of the last century, an 
article in the legal code prohibiting this practice, which may not, 
therefore, still survive In many parts of China they use small 
wooden coffins for reburials, but m the South, as for instance m the 

Dtt Orooi, J i U, The Jlehgiom Syeient ^ China a^den £ J jBnli, 
1807), Vd nr, Book I, “Duiposia of thxi Dead”, Part HI, “Tlie Giava” (Sec- 
ond Half) See Chapter XIIl, pp. 1067 ff , ”(>n the Custom of Re-burylng B^ies 
in Other Craves, XJm Burials.” 
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mantime diMtncts of Amoy and Kwangtung, dispot^al in jars la cua- 
tomary Jars are hkewwe used for the pnmary bunal of young 
children 

One Ui forced to wonder whether the ancient inhabitants of Dor 
lupin and Camiguui may not have been strongly influenced by con- 
tacts with South China Miller refers to the legend of the Chinese 
pirate Li Ma Hong getting sulphur for making gunpowder at Cami- 
guin If Li Ma Hong had the knowledge of where to go, and naked 
the danger of the fierce tide rips to land there, it is a fair supposi- 
tion that the island had been known to the Chinese from considerably 
more ancient times It is almost unthinkable that a raider of the 
nch island of Luzon would venture to make a most penlous landing 
at such a place as Camiguin unless he well knew that something more 
valuable was to be found there than appearances would indicate 

Burdettes articles also < ontam a reference to Li Ma Hong that is 
very interesting indeed He says ** when exploring Calayan, 
a neighboring island, the natives there had told me many interesting 
stones of Limahong, the great Chinese pirate, who in years gont by 
had ravaged Lmgayen and adjacent parts He made a sort of base 
at a place called Ibo, on the westward side of Calayan, and from 
there used to send his junks to Camiguin to collect the sulphur and 
saltpeter to be found there, brmging it back to Calayan where he 
manufactured it into gunpowder and stink-pots, preparatory to his 
attack on Luzon later on when the monsoon was favorable (It is 
impossibii that saltpeter could have b(*en found on Camiguui ) 

Although it would be absurd to as( nbe to the legendary visit of 
Li Ma Hong the arebaeologi(‘al evidence of long o( < upation of the 
islands, It would be quite in order to test well the hypothesis tliat m 
Li Ma Hong^s time there curm to an end a commercial and cultural 
contact of long standing between China's Hcamen and the islands to 
the north of Luzon 

The presence of a few shards of ( hint^ blut-and-wluti trade 
porcelain on Dalupun has no greater significance than it would any- 
where else m the Philippines Since the ancient Filipinos as well as 
the Malayan peoples to the south held Chinese jars and other porce- 
1am articles m the highest esteem, and kept them carefully as heir- 
looms from generation to generation, it would argue nothing aa to 
the Chinese ongm of a burial custom even if bunal jars actually of 
Chinese ongin were sometimes found 
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On Dalupin the i^oople said tluy kiu h partu uJar graves m whn h 
tht jars had dragons around the top, hut tlu tah broke down com- 
pletely when an attempt ^^aH made to \tnfy it Absolutely nothing 
of the sort was found (Note, howev< r, Burdett s positive statement, 
which I disliehevc , that he hnnstlf found a bunal urn, apparently 
Clunese or Japanese, with a dragon running around the outside ) 
Suue I also was told the story of th< dragon-jar bunal on Dalupin, 
but could find nothing to establish it I behevt th* similar report 
for ( aimguin to be a fable, which Burdett belu vc d and unr onseiously 
tiansfeired to his own fxjwrKncc m writing his artuhs many years 
later 

fhc attack of Li Ma Hong on Manila was made m 1574-75 His 
depredations extended from C ebu to Pangasinan but in tht fullest 
accounts of him that I find (those of Isabt lo de los Reyts and of 
Patt rno then is no mention that ht visited the Babuyams J litre 
IS no (sp((ial nason to doubt tlu n'jiorted tradition howevtr, for 
tht visit of la Ma Hong took platt ovt r a et ntury hefort the migra- 
tion of the Babuyanos to Luzon, and in thtir new home the tradition 
might ha\e been tamed on hurtlu rrnore, luiihmg is moie likely 
than that somt remnants of the population may have been left on 
tlu small islands, destint\l to lose their uhntity through visiting 
biitk and forth with Luzon, but helping to maintain tht tradition 

C'liinese infiiit nee in tht Babtiyanes could not havt lus u suffitieut 
to affect the language, for at tht time the inhabitants wtrt moved 
they seem to havt ustd a languagt related to Ibanag Stheerer 
holds the theory that Ivatan, tht present languagt of the Bataues 
Islands, was earlitr tht tongue Hjxiken on the Babuyams, and that 
it was carntd northward being replaced in the Babuyanes by a di- 
akit from Luzon If Ins theory is correct, tin migration to the 
Batanes probably pretttlttl the arrival in the Babuyanes of people 
using jar bunal At any ratt there is as yet no r< port of this t ustom 
from the Batanes 

The vtiltanic craters of the northern end t)f Fonnosa have long 
lx*en worktd by Chmest for sulphur m muth the same way that we 
may imagine the pirate crews of Li Ma Hong to have worked those 

** Htytw y Hoiontino, laabelo de los, FU%jnna$ Art*culoH tsirtos 9obre 
etnogn^ta, huiorta y coaiumbres del pau (Manila J A llamos, Editor, 1887), 
' Ivi Ma Hong/ pp 43-65 

Patemo, P^ro A , Hvttona de Ftltpinaa (Apuntec), Tomo II (Manila 
ImprenU * La Republlca,*' 1908), pp 175-279 
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of Camtguin Ah a matter of fact, the sulphur so obtained m I ormoHa 
seems to have been ot importarue in later tmus only as an article of 
contraband trade with southern China, suict tlie Chinese officials in 
Formosa had orders from the home government not merely to stop 
the production and shipment of sulphur, but even to destroy the. 
deposits by burning the m and c overing the m with earth 1 he n ader 
interested in these absurd orders and the no less absurd efforts to 
comply with them will find a diverting ae count m Davidson’s for- 
moHa^* From the standpoint of this article, it is important that 
voyages to procure sulphur may have Ixen made to vokanie islands 
from China long ago, and the tradition of sueh voyages to ( amiguia 
may have been epute alive down to tin time of Li Ma Hong, espt tially 
among the adventurous Chinese to work the deposits may have 
been left by the ships, and these might well have set an example of 
jar bunal to the islanders, for they would surely have attempted to 
provide for the return of the bones of dead eoinradeH to ( hina Dh- 
j)osal in jars would have been the most ready means to facilitate such 
an end The pennanent marooning of a group of ( hinose might we 11 
have tstaldisbed a custom 

OTHLR OHJENTAI ANAIOOIl'S 

Although the similarity with Chinese custom is so stnkmg that 
it must be taken into eonsieleration, there may imverthele ss be no 
elosp connection between the jar burials of the Philippines and the 
preservation of disinteired bones in jars in semthem Cli im In fact, 
there is a possibility that the conneetion might be very remote in- 
d<*ed, for the disposal of bones in jars seems restricted to that part 
of China where in ancient times the cultural and racial affiliations 
were largely with peoples to the south, who were the peoples that 
had supplied some of the migrations soutliward, eastward, and north- 
ward, through the islands of the Last Indies, into the Philippines 
One docs not have to go to the mainland e>f Asia for a parallel to a 
jar ossuary foi disinterred bones I he writer ha*^ referred to fins 
matter m another article,*' whire the inteiested reader may find 
refereuees to stone jars used as ossuanes by the Dam Batak west of 

“ Davidson, Jamw W , 7 A< Island of Formosa Past at}d Present (V okohama, 
Bhanghai, Hongkong, and Singapore Kelly and Walsh, Ld , 1903), pp 495- 
604 

Bartlett, H H , The Sacred Mific'es of the Batak of Sumatra,’* Occ; 
Confrtb Afu* Anthropol , Vnxv Mtch , No 4 Ann Arbor, 1934 
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Lake Toba and by the Toba Batak of the Island of Saraosir in Lake 
Toba, northern Sumatra In the vicinity of Besoa and Bada, central 
Celebes, there are great jar-shaped stone “vats” which are probably 
tombs or ossuaries They have been described and excellently il- 
lustrated in an article by H C Raven, “ who cites earlier references 
to them In Mmahassa, northeastern Celebes, the Sarasin brothers ** 
found that the dead were placed m stone urns Orubauer reports 
that the Tolambatu of southeastcni Celebes make a secondary dis- 
{Kisal of the bones of the dead la earthen jars which are placed in 
ro(k tombs The jars, which ho calls “gussys,” are of Chmese ongm, 
like those used by the Dayak and Dusuri peoples of Borneo for the 
same purpose 

Urn bunal w, of course, well known m the Orient The following 
notes have been assembled in a cursory glance at the literature 
In the Wynaad, southern India, um burials have been discovered 
by L A Caramiade At his first site the urns were buned upright, 
wore either pointed or rounded at the base, and covered by stone 
slabs, and one had a shallow, nmmed, jxittery cover also Some of 
the jars would receive a squattmg body, whereas one (the neck was 
only about five inches in diameter) could have been used only for 
bones The bunal jars contained other pottery vessels and one l»ad 
beads In all there were decayed bones, but no traces of charcoal or 
ashes The second and third sites yielded sunilar vertical bunal jars, 
one contaming a ciystal bead There were no stone covers, and no 
signs of cremation Tlie fourth site yielded large and small ums, 
and likewise two types of urn covers, the usual shallow, saueer-hke 
ones and others of fiowerpot shape Each urn contamed a single 
pot, and some yielded crystal and camelian beads, and small iron 
chisels A single um at the fifth site yielded eight small pots and an 
iron chisel (The author notes that m Tmnevelly bunal urns are 
found almost full to the top with pots and other objects ) The 
report of Cammiade is the more interesting and valuable because the 

Raven, H. C, “The Stone Images and Vate of Central Odebes/' Nat 
4 pis 1926 

Sarasin, F and S , Heiten »a CcMm Wiesbaden, 1906 
** Orubauer, Albert, CMtei Sthnolofft9oh0 Siretfsi^gt m Siidoai und ZerUrat- 
CMea (Hagen i W und Dannstadt fidkwmg Verlag QUBH , 1923), pp 
28-30 

Cammiade, L A , “ ITm-Burials in the Wynaad, Southern India," Man 
30 183-186 1930 
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beadtt were turned over to a specialist Horace C Beck, for study, 
and he has reported upon them m interesting articles accompanying 
the one on burials 

Cammiade** hkcMise reports on urn burials in the Tmncvelly 
district of Madras Presidency Here be excavated urns, one of which 
was covered by a bowl-shaped vessel At more than one locality the 
bones in some jars were artificially arranged, some of them being 
placed in small pots withm the big jar, indicating that the burials of 
disarticulated skeletons marked the final stages of funeral ceremonies 
Other jars contained the remains of liodies that had been buried 
entire, m a squatting position In Tmncvelly, as in thi Wynaad, 
iron chisels were found in the urns, and also other iron implem< uf«, 
various types of beads, numerous small pots, clay puies, and coins of 
about the eleventh or tVie twelfth century Cammiade says that in 
many distnets of the extreme south of India um burial w thf com- 
mon type of interment When the urns occur in a closely packed 
cemetery, no surface mark or monument is ordinarily found Stone 
cirdes, however, mark solitary urn bunals m Tinnevelly, and are 
also found in one large cemetery fhe uni-bunal sites of South India 
are mined for the beads which they contain 

These true jar burials are closely similar to the cyst graves withm 
stone circles that are very common in South India Jars always ac- 
company each cyst grave, and in some localities cyst graves and jar 
graves occur together Hunt,** in an interesting artn le, states that 
the cysts are surrounded by jars, m many cases far from the 
center of the cairn that they lie under the stones oi the circle ” 
(He noteji regarding his use of the word *‘caim” ‘‘They have been 
called cairns by many writers and the viord will lie used m this paper, 
though the height of the rubble stones inside the circle does not 
fully justify its use'') Hunt records that burials of th( “Caim 
period'^ in Hyderabad State alone cannot be far short of a million * 
Hutton ^ reports in Assam the speaal preservation of the skull 
by the Konyak group of Nagas, by the Chang and Phom Nagas, by 
the Siyin Chins, and occasionally by other Kuki tnl>e8, “the body 

^ Cammiade, LA, **Ob«ervadonB upon Ancient 8ite» in the Neighborhood 
of Kalugumalai, Madras Praatdency/' Mm, 30 197-139 1930 

*• HunV K H , ^^Hyderabad Cairn Buriala and Their Stgnificanoe/’ Jowm 
Roy AntKn^pol Imi , 64 140-156, Pla XXll-XXVm 1924 

^ Huttm, 3 H , *‘The Significance of Head-Hunting m Awam,” Jvum 
Hoy Anihropai Intrf , 68 399-403, Fte XXXVlIt-XUI 1928 
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being left U> rot while the head is buned in a pot or a stone eisi or 
seeretcd in a niehe in a diff ” A custom of this sort can be traced 
with gradual \anations through much of IndotuMia and the Philij)- 
pines to Formosa 

1 MVk.KHlTY or MiCHIUAV 


KXPLANATION OF PLAlh 1 

Ft a 1 A rough waU, presumably a lookout Htation, p«)rch«d on the bnnk of 
the sea 01117 only a few yarde from the entrance to Manolong oafion Sea 
rovers with any knowledge of Dalupln would naturally have made their 
landing at this point if m need of fresh watei A lookout stationed here 
(ould have slipped unobserved mto Manolong caAon through a lateral cleft 
in the vertieali> eroded coral rock, in order to notify the inhabitants of the 
approach of strangers Behind the wall is a deposit of broken pottor> ton 
taming some fragments of blue<and white C hinese porcelain 

Fio 2 Broken ossuary jar clunked hrinly into place m a cavity of the rough 
coral rock at the locality shown in Figure 1 This jar, although broken and 
exposed tt» the weather too long to contain any human remains, was never- 
theless interesting as indicating tliat drj bones were presumably preserved 
in jars after a preliminary burial or exposure of the body, for the mouth 
was too small to have admitted the whole body of even a child 
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RIZALITEH — PHILIPPINE TEKTITES WITH A 
DESCRIPTION OF THE PUGAD BABUY SITE 

UAl PH BUSICK 

HISTORY OK IHl!, DlSCOVKin Of> ltlZArn»S 

D uring 1426 the fir^t nzahti that attra< t< d the attention of 
Manila seientints was found m an archaeologn al siU at No\a- 
liehes, Riral Provinu , when the Rovernmint waw making (xtinmvi 
excat ations for the construction of the dam and rencrvoir whn h ncjw 
*uipply the city of Manila with water 

Beeause of the fact that, in the main, this strange body seemed to 
resomblt ordinary “natural” glivss yet \ancd in conipoMtion and 
projicrties sufhoicntly to arouse interest then waa lOiiKiderable doubt 
and some disagreement among local seientists in regard to its source 
Oenerallv however, it was thought to be of voUamc origin 

I'or two years, according to Beyer,’ matters stood thus — until 
Oveibcck ^ \iHited the Philippines, saw this tektite and others found 
m the same region, and suggested that they wen \cry similar to 
billitonites tcktites found cm the iHland of Billiton in the Net he riands 
Last Indus This observation redoubled Beyer’s interest in the 
tektites, and led them to condmt an intensive search for speeimens 
throughout that immediate region, with most fruitful results on 
what came to be kneiwn as the Pugad Babuy site It was m connec- 
tion with the research on this site that the wnter worked with Beyer 
during the Jat^r months of 1933, all of 1034, and January and Pebru- 
ary of 1935 

It happened that, shortly after the first diacovcnea, an Ament an 
by the name of Lake, who lived in the ncighborhtH>d of the bamo 
of Pugad Babuy,® Iiecame intenstetJ in collecting tlie tektites and, in 
the course of some months, gathered approximately four thousand 

*- H Otley Beyer, professor of anthropology and archaeology and head of 
the department of anthropology and sociology, Umvonttty of the PhlU|^me» 

* Hans Overbevk, of the colonial service in the Netherlands Indies 
* Pugad hobup, a fagalog phra«e, literally tranalatod means “hog nest’ 
The natives reoently changed the name of the barrio to ' Torres Bugalion,** the 
name of a prominent reudent they wished to honor 
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«pccm»en«, a large number of whieh he turned over to the Bureau of 
Scjente in Manila for itn mufieuin The obvioun plenitude of the tek- 
tites led Beytr to conclude that here was one of the richest fields of 
these bodies on earth Assuming that, masmuch as there had prob- 
ably been no really scientifit approach to the task of collecting them, 
a cursoiy examination of the ground in the Pugad Babuy region 
actually had unearthed comparativdy few, and believing that there 
must be groat numbers of them remaining, he undertook the work of 
gathenng the specimens 

BEYKK’s method of rOLLECTlNO 

\t th( outset Beyer decided to name the Phihppme tektites 
"nzahtes’' lioeause-^ to use his own words — “tbo first specimens 
w< rt fountl in Ri^al Province — and this name has now been quite 
generally accepted ” 

Through years of oxpcncnce in collecting archaeological speci- 
mens m the Phihppmes, while he was at the same tune engaged in a 
multiplicity of other pursuits, Beyer had developed a specialiacd 
technique for this kind of research He first visited a prospective site 
(0 determine its characteristics and potentialities, then he aroused 
the curiosity of the inhabitants by showing them specimens of the 
tektites and askmg if they had any Great numbers were being 
picked up, of course, during Lake’s activities, and the natives were 
familiar with the “stones ” ft now remained only for Beyer to gain 
the people's confidence, to cMablish a set of reasonable pnees for 
specimens < ollected, and to lietome thoroughly acquainted with * 
the residents of the barno and the location of the ir homes and farms, 
or the extent of the region over which Ihe individuals might have 
the pnvilego of searching 

When he had accomplished these things, he drew a small map 
showing tlie location of the richest deposits and the general topog- 
raphy of the site Thus he was able to record the concentration 
or the diffusion, as the case might be, of lu« collections 

Hw practice was to visit the barno quite frequently, almost in- 
variably ottcc a week dunng the rainy season (June to November), 
but missing a week occasionally dunng the dry season (December to 
May) Centrally located m the banio was a itenda (“small store 
where the propnetor graciously permitted him to conduct the business 
of buying the specimens from the collectors 
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Before long the children of the entire neighborliood were searching 
for tektites to soli, and it was unusual indetd, after the first few 
weeks, for an outsider to find one of the objects on the ground 

Beyer paid the children according to the number and the rarity 
of specimens m their finds, augmenting his payment with candy and 
fruits from tmu to time Upon receiving a week's colh (tion from a 
thild he would write its name on a slip of paper, togetlur with the 
amount paid for the lot, and pla<( them togitlur in a small sack 
Frequently, too, if the eol lee turn Uappt ntcl to l>e extraordinary for 
some reason or other, he would question the fiiuh r closely to make 
certain of the approximate spot where tin speeinun or apeoimdiH had 
bein found Under this system h< could dettrmme within a ftw 
yards where every lot of specimens had lam 

Not content with this manner of tolhcting the majonty of the 
tektites found in onf wtek Beyer nearly always madt a trip to 
the outl3nng homos on dther side of the dirt road that l)iHecte<i tlu 
site 

When he had finished this part of his work lu returned to Manila 
and there in his office wrote an auount of the trip I^atfr he would 
larefully ilean the specimens and catalogue them 

CHARACTERISTICS OP UI7ALITE8 

Bodies classified by geologists and archaeologists as tektites have 
been found in various parts of the world, and have been named after 
th( regions where they w< re found The liest known of these mclude 
inoldavites, found lu the Moldau diatrut of Bohemia and in Moravia 
and supposed to be associated with the late Tt rtiary or Recent period , 
billitonites, found on the island of Billiton in the East Indies, aus- 
trahtes and the so-called obsidiamtes, found in Australia, Darwin 
glass, sometimes called queenstownite, found m Tasmania, and the 
pseudotektitic amenkanites found in Colombia and Peru, South 
America 

These bodies are of various forms described as ellipsoidal, pear- 
shaped, button-shaped with overhanging edge, cylindrical (slender), 
and cone-shaped Beyer says that “they oc<ur chiefly in certain 
regular forms such as small spheres, ovals, cyhnders, dumbbell-shapfis, 
and pointed drops (often, in rare perfect forms, with a slender tail) " 
Usually a fragment gives some suggestion of the shape of the tektite 
from which it was broken Beyer continues 
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Such regular shapeH could only lx* formed in nature by the revolution of a 
luiuid or Honuliquid Bubstantc in the atmosphere ThcBc objects have alf«) been 
proved to be of prehistono origin in the places where found Tlie only possl 
bihty for the natural formation of such bodies upon the earth was formerly 
thought to l>e the violent ejection of liquid lava from large volcanocji However 
the chemical composition of the tektites dma not correspond to the known 
products of any earthly volcano and recenth, a now theory has been sug 
gestKl that ac unuitH feu them on the basis of thiir resulting from the fusing of a 
poition of the earth s crust thiough the iinpac t of a huge meteorite w hit h splashc d 
molten sand and rock high inUi the air This theory has mi t with many objections 
and has bt'on ac cepted only by a few scientists Thi cosmic theory still remains, 
at the lieginnmg of 1935, the only one whn h t xplams all of the observed fa< ts * 

llizahtes havo tho same theinnal loniposition that other tcktitcs 
have, that is, m general they possess the natural tontent of obsidian 
- 70 per ( ent to 90 per c c nt Si ()2 — with a higher perei ntagt of iron 
and magnesium, and an < xci ss of c ah iimi and potassium ov( r sodium 
In tlio mam however, according to the Eficyclopaedui jintanmea^ 
UktiUs do not show the incipunt < rystalhzation ( haractenstio of all 
obsidians 

Nearly all nzahtfs art distinguishabh from other tektites in that 
tluy hav( a pitted surfate sinular to that of an orange skin, whereas 
the bilhtonites for example, have a deeply grooved surface of “gut- 
ters’' that often resemble worm tracks Rizahtes are opaqm and, 
to the (asual obseiver, apfXiar to be black, but when held between 
the eyes and the light reveal a deep olive green verging on black 

The sizes of the rizalites found liefore 1935 range from tliat of a 
small pea up to that of a lime or small lemon 1 he large>Nt dex^i not 
weigh more than 250 grams 

Fragments of nzahtes which obviously have long exposed 
show, on the broken surface, patmation or ** surface sculpture” quite 
similar to that typical of obsidian fragments, but there is no sign of 
the layerlike, or laminated, structure of Philippine obsidian 

Native peoples have made use of tektites in past ages wherever 
the bodies have been found, and the iilipinos are no exception 
1 hough the majority of the larger nzahtes remain cornparativi ly 
untouched by human utensils, a great number of the smaller, odd- 
shaped ones do show evidemes of having been artifai ts drills, 
Hirapers, and the like Moreover, the imtiv(s have names for the 
bodies C^'onecinmg this matter Beyer wntes 

♦ Beyer, H Otley, “Philippine TektitcB, ' PhtitppttK Afewoww, 32 642 
1935 
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Hizalites arid the Pugnd Balmg Site 

SaentistH aro not the only propomnt^ of the meteontu theory of tektito 
ongin ago, native peopUn neeing those round Haok sphires and tyUndem 

Bcattered over their fiohis after a heavy thunder show or ranie to the conelunion 
that they had fallen from the skv In the PhihppineK, the tektitea are variously 
known as i^aefig kuli>g (thunder dung), toffig bttutn (star dung), and m one prov 
ince 6af<m9 arao (sun atonw) 

Outside tlie Philippines (oHniie or at least heavtnlj expIaimtioUH are equally 
common among native peoples 

The utility of the tektite glasH for manufacturing finked implemcntt* was 
aiso rocognlzid by early man hutufMan Moldavites have been found among 
the flaked implcinentH of the old Stf>m Age, whilt practically all the Philippine 
and Malaysian pooplea of Middle and \ta Stone Age times manufactured 
arron heads and flaked tools from tektiti glass nherevei it lould be found Tins 
was true also in Australia — although many inou sMre there earned alsmt by 
the natives as valued c harms 

In Philippine gravea dating from the Prelustoiic Iron Age, tcktites have 
also been found sboamg the charattenstu * cairv jiolish whnh indicates that 
the y ac.re usee.! as charms or amuU ts bv the jsHjple of that time In Indo-Clvma 
tcktiUs aero also venerated to some degree bv the Intt Bron/c Age jieople, and 
stone imogoa dating from the early cMuUiries of the Christian tra liave been 
found nitU polished toktites set into the cyis of the gods * 

IHI- PUQAU BABUy HH f 

\lthough tin barrio of Ptigad Babuy is haidly hftten kilomtUr*? 
from tbr htart of Manila, off what is known h« the Manila North 
Road it actually lua within the province of Bulaoan, adjarmt to 
thp Novalmhoh district in the province of Rizal, whe^ro were' found 
the hrst tc'ktitca that caught the scientific attention of the outside 
world 

The most productive section of the sift is on a J*light Knoll which 
riMtH gently above the surrounding terrain to a height of not inort 
than thirty or forty fett It forms a part of the Mankina River 
Valky and is not more than a hundred feet above sea level It is 
roughly circular and rovers an area of perhaps five square kilometers 
Over this area grow a scatttnng of bamboo and trees, most of the 
latter fruit trees Farm produee eonsisfs chiefly of nee, for which a 
niimbc r of terraces hav e been built Sugar c aae and some vegetables, 
too, are grown, but not in abundance 

The soil IS what is known as red latente, a thui layer of which 
covers the tuff or tufa, or adobe, as it is generally called in the Phil- 
ippines Outcroppings of the tufa in various spots over the site 
suggest that the tojisoil is not more than a few feet thick anywhere 
m the region Inasmuch as most of the nzahte^ were found after a 

® Boyer, op cW , pp fl8X'-682 
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lamfftll or on a freshly plowed field, it w obvious that tluy lay close 
to the surfai e, not withm the tufa 

During the dry season the size of the weekly collections of nzaiites 
di creased remarkably in number, but immediately the annual rams 
began to fall, the collections mcreased A tnp which did not produce 
at least a hundred specimens was a disappointing one, and there 
were occasions when Beyer took as many as seven hundred or a 
thousand back to Manila with him The result of this fruitful col- 
lecting was that by the tnd of 1934 his collection numbered some- 
w here lietaecn 26,000 and 30,000 sfietimens Among these the rarest 
were cylindrical, dumbbell-shaix d, drop-shaped, and those weighing 
abo\ e 150 grams, of a hatever shape 

Of things important to archaeologists or geologists, other than 
nxaUtes and obsidian flakes (noiue artifacts and some not), the Pugad 
Babuy site was not particularly productui Beyer did not reject 
th( obsidian, specimens of which invariably accompanied the tek- 
titcs, though he was not particularly intc rested in it 

DISCOVERIES SI NCI 1034 

Ini|>ortant disco\ene8 of other similar bodies in the Pluhppmcs 
were made in 1935, after tlie writer left Manila Concerning these 
Beyer sajs 

Is ear the cud of SeptemW of this year, a very remarkable new trktito wte 
waB located at the very edge of Manila, in the Santa Meea di»tnot In addition 
to a plentiful aupi^y of true Rntalltea, three other ntrango forins of tektite-like 
bodtcK turned up The first of theoe ik a grey obaidtan-like glaoa which tends to 
show the same sort of internal Htru( ture as ordinary voh onic obaidtan — but 
which here appears m strangely rounded and siulpturod small bodlra of a dis- 
tinctly tektit^like appearance The H<*cond of the new eJassos of material shown 
a mu< h more uniform glassy (unsinteney — without the laminated body common 
in most Philippine obsidian — and although quite translucent, is of a color vary- 
ing from a brownish violet to almost a rose-pink The outiude appearance of 
thiw bodies is so nearly like that of true RieahtCK that they <an usi^y be dts- 
tingtushed from tliem only by transmitted light, showing the difference in color 
8tjU a third ( lass of new material found in the Santa Mesa site is greenish yellow 
in color but otherwise has the same glassy consistency and pitted surface as the 
true KixaUtes * 

The Ixidies here described he calls ^'Philippine Amenkanites^' 
because of their close reaemblanec to the tektites found m Colombia 
and Peru, as mentioned above More recently, in a letter to the 
writer,^ he specifies the confines of the distnct and adds 

• Beyer, op «< , p 543 ’ Dated May 27, 1936 
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Rtzalttes and the Pugad Bahuy S%te 

The part of thiM now nearest Manila ie simply an extension of the 
Santa Mesa rate, and shows Amcrikanites as nell as Rtzalites But the new 
Kubao site proper occupies the liigher parts of the ridge and contains only the 
Pugad>Babuy type of matenal but with a much more brilliant luster and 
deeper surface sculpture Xhe quantity is not as great as at Pugad Babuy, 
although the site is sufficiently rich The most iini>uriant part of those new 
finds is due to the fact that extensive new rood work and sirect^building in that 
district has given us a great number of excellent eroHs-sectious through the entire 
group of soil layers down into the solid adobe This qiu< klv enabled us to deter- 
mine exactly where the tektites he — and we were able to prove dehnitely that 
they all come from a peculiar stratum only six to eight inches tlnck in most 
places 

This tektite-bearing layer lies just above a fairly thick layer of reddish mate- 
rial chiefly made up of decomposed adobe but below other soil layers of varying 
thickness and color It is characterized by the present e of thousands of little 
nodules (called pisolites by geologists) composed mamly of iron and mauganesu 
What connection there is between these pisolites and the tcktitcs, if an>, still 
remains to be determined It has bcsf>n {lossible in this district to get a much 
clearer idea of the original distribution and characteristics of the tektito material 
1 think that what we are finding here now may add a great deal to an under- 
standing of the tektite question, and narrow the field of future researcli con- 
siderably beyond the point to w luch all previous rescan h could carry us 

1 wish to add that the Kubao district produced the largest tektite yet found 
ill tlie Pluhppine Islands, now 276 grams and a very fine-looking specimen 

Certainly the great numbern of bodies discovered on the Pugad 
Babuy site and in regions near by ought eventually to yield coiLsid- 
irable information concerning the origin of tektites and the reasons 
for vanations in form, sise, and color, and for their irregular distribu- 
tion Though it IS generally agreed that the bodies are not of vol- 
( anic origin, there still remams the fact that an abundance of them, 
comparatively spc»aking, has been discovered in volcanic regions 

Again, what is to account for the strange circumstance that the 
bodies are found in a definite “belt'^ around the earth? Can it be 
that this IS merely an accident? Or are then many otliers not m 
this belt yet to be discovered? 

Fmally, is Spencer's “splash” theory that the bodies are all 
merely fragments from one great meteor the answer to the question, 
or 13 each tektite an individual meteorite which has struck the eartli 
independently of the others? 

Watnk UMivaasiTV 

Dbtroit, Miobioan 




A BURIAL SITE ON THE ISLAND OF 
SAMAR, PHILIPPINE ISLANDS 


(Ain j Gunii 

T HI^ toMii of ( atbalogan is a port tm the \\tst coast of Samar, one 
of Uu eastern islands of tin Visayan or u ntral group of tho 
Philippine \rehipelago V road luiih northwaid from the to>Mi 
roughly paiallf‘1 to the (oast \ fe u miks north of Catbalogaii it 
eroHHes a small setnuirrular \ alley, near the \illuge or baino of Kgid 
Wlun this load was InuJt the (ontraetoi dug shaikm pits on tach 
side of the light ot way to sf(.ure earth lor a fill On the biaeh suit 
only, ItKH tiian a huntire el ytrds from the sandy siioie , he eamt ui>oii 
jar burials whieh weu said to have been lovered with flat stones in 
which giooers had been tut to rtecive: the nm of the jar H( is re- 
ported to have found some jars with others inverted over the in 
In le biliary 1921, I spent a weak excavating undisturbed areas 
between and adjacent to two of the shallow pits made by the ton- 
ir&tior Ihese pits were^ sojiarated by a nelge of raith about thuc 
feet wide In adehtieui to disele^sing the badl> confused remains of 
two burials eneountend by the eontiactor, one of which imluded a 
stone (ovei with a groove in it the excavations rtveaUd ten undis- 
turlxd biinaJs five of which were those of aelults burn el at length, 
and five of whuh weie jar burials eontaimng the remains of very 
young children 

J'ht area m whieh this eemotery W'as loeated was apparently an 
old eleanng for it was covered with high grass and underbuish I he 
contractor's < w o pits combined ore upit d a roughly ov al space thirty 
meters long by nineteen meters wide, with the long axis running ai> 
proxiinatcly north and south, parallel to the road, which was seve uty- 
five meters cast of the sandy beach and twenty-four meters civst of 
the center of the two pits (See Fig 1 ) 

A short distance south of the pits the clearing ended abmptly 
and a woods began 1 o the north the small valley became swainpy 
and muddy 1 he valley floor was formed by an irregular stratum of 
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black sandy loam, containing vegetal mold and many fine roots 
This loam ^as forty to forty-five centimeters thick where the con- 
tractor’s pits Wfre dug, and was underlain by clean, hght-oolored 



Fig 1 A chart of the excavations at HSgict The un 
altered portions of the periphery of the contractor's 
pits are shown by dashed lines 

aand, m which occasional shells and fragments of native-ware jars 
occurred Immediately to the north of those pits the black loam be^ 
came thicker At the point where our excavations in this direction 
aero discontinued this loam was wet and heavy and had attamed a 



A Philip ptm Burial Site 

tlrnknesH of o\er a miter In it oitatiional fragmontK of bluc-and- 
white and green Chinese ceramics were founds associated with sherds 
of red native ware and a few fragments of charcoal These materials 
were scattered so sparsely through this deposit that further excava- 
tions in this direction were discontinued 

All the burials were found in the sand stratum underlying thi 
darker sandy loam to the south of the lontra* tor’s pits, in an area 
about ton meters long and nine meters w idc 1 he pits and the sub- 
sequent archaeological excavations were earned to a depth of about 
one and om -half meters 

Iho five adult bunals were all at full length on the back, with 
the head resting either on the occiput or on the left side Although 
native wooden coffins are known to have l>een used in the Visayan 
Islands, no traces of wood were found with these burials All at- 
tempts to dettmnne the edges of tin bunal pits faded, as might l)c 
exix'ctod in such clean sand deposit^ Tlu depths of thisi hunals 
were remarkably uniform, ranging from 79 to 113 eentimetirs 
Three of tbi five adult bunals had no furniture of any kind assoc lated 
with them In bunal numlxr 4 a small piece of iron was fouml 
under the left ear, and in the nght hand were the remains of an iron 
dagger On the left chest of burial number 10, besidt the left 
humerus, was a large iron da^er, bent nearly double The handle, 
which had probably lioen of wood, had disintegrated, but the r< mains 
of iron and bone mlays could bi identified Skekton number 2, 
which had been disturbed by a subsequent jar burial, will be referred 
to later 

In clean sand deposits of this nature the seeping of surfaie watir 
lends to destroy any noteworthy record of stratification The only 
evidence of this nature which could lie obtained occurri^ with the 
first bunal discovered, that of an adult, extended at full length, with 
the hands resting on the pelvis (PI I, Fig 1) 1 he head was toward 

the east, with the face turned toward thi left shoulder There was 
absolutely nothing associated with the bone s At this point the dark 
surface layer of loam was 25 centimeters thick, below which lay the 
sand stratum In it was a refuse deposit, 14 centimeters thick, the 
top of which was 49 centimeters below the surface and 24 centimeters 
below the base of the black loam layer It contained the shells of 
seventeen varieties of edible shellfish identified by the native laborers, 
fragments of native pottery, and occasional pieces of burned sand- 
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Htont This well-defiiiod and unbroken refuse layer extended over 
the entile burial and 150 1 entimeters to the north and 225 < entimeters 
to the soutli of it, that is, beyond the Inmts of a reasonably large 
bnnal pit, wlueh indicates that the burial had been made before tlu 
refaso had been laid down and well before th( black loam had Ixtn 
deposited 

1 he fi\e jar burials nere equally consistent in their general nature 
All contained the bones of \ery young children The condition of 
these small fragile bones ivas so bad that m only one case was it pos* 
sible to ascertain that they wert m anatomical jwsition, showing the 
body complete iy flexed Iho siw of the jars was such that the en- 
tire body of the infant could ha\ c been placed in them It is improb- 
able that secondary jar bunal was practiced at this site, although in 
other parts of the \\sayan group eviduues were found of cleaned 
adult boms having been placed in jars hath of tlie jar burials at 
this site contained a number t>f small colored beads white, ml, 
yellow, orange, and blue In the bottom of each was a hard wdiitc 
deposit, the materials of which may l>e of animal origin, but which 
have not yet been identified Kvery one of the jar burials was cov- 
ered with a large flat stone, and one, burial numlK'r 6, had two flat 
stones on it The upper surfaces of these flat stone covers, the 
depth of four of which ranged from 63 to 91 untimeters, were well 
within the sand layer A fifth jar, that of burial number 1, had been 
placed in a shallower pit, for tht stone was only 42 rentiineters lielow 
the surface and the base of the jar 89 centimeters dc ep (PI I, Fig 2) 
The depth of the bases of the other four jais, approximating that of 
the pit dug to contain them, was slightly great* r than that of the 
( xtended adult burials, and varied from 99 tc) 135 contmut* rs below 
the surface 

The five bunal jars were all Mry similar They wort heavy thick 
nativ e ware, with sand temiK‘r The surface color was vanous shades 
of reddish brown, and the interior of the wall was m many cases black 
Three were globular, and one had a definite eonoidal base (PI II, 
Fig 1) Tht shape of the fifth could not be determined In jars 
which had not been too badly shattered there was evidence of a nar- 
row shoulder, a short vertical rira, and a wide mouth In one jar 
rim sherds were found showing a plain bp In two others the hp was 
decorated with a diagonal fingernail indentation The jar« were 
unshpped, roughly smoothed, and without decoration on the body 
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The diamettrH of the body langui from 30 to 42 lontimotors, the 
height, from about 27 to 41 (entimetors The body sherds varied 
from 5 to 10 millimeters m thieknts*< 

1 hfc Mtoiies covering the jars ivtre roughly netangular UTulresscd 
slabs of soft grayish sandstoiu, ranging m thukness from 5 to 10 
(ontimoters Ihey had apparently been shaped by breaking the 
edges riu smallest was 24 by 10 eentimeters the largest 42 by 'lO 
eentimeters None of them posse sseel grooves for tiu run of the jar 
although one, eovenng burial number 8, still retained the imprint of 
the jar nm, a circle 20 e entime ters m diamete r 

llu grooved sUine which was vssoaateel with eine of the burials 
disturbed by the eontrae tor's eiewhas a shallow depression 4 eenti- 
meters wide and 1 5 centime te^rs efeep at the gieatest depth (PI II, 
iMg 2) It dots not have a eonsfant depth in fa< t m two plates 
the einle is broken Obvuously in attempt was made to have the 
botteim of the ring in a single plane I he e ink tonne d by the outer 
edge of the groove has a diameter of 51 eentimeterH The outer 
edge IS smoothe‘r and lictter feirined than the inner one Ihe stone 
was similar to the mx found in the t\eai itions, but much larger, 
measuring 70 by 60 ce ntime ters 

Ihe relationship between bunals 2 and I funiwhed an intere sting 
bit r>f stratigraphic re c ord V\ hen the e xte nded adult burial number 2 
was micoveced it w is found that the skull the left part of th» trunk, 
the left arm and the left femur wen missing although both pairs of 
the lower leg bones wen prese nt 1 his skele ton lay at a depth of 79 
centimeters below the surface When it hud been removed and the 
trench continued, jar burial number 3 was disclosed almost immedi- 
ately The jar lay just to the left of bunal number 2 opposite the 
ribs The hose of the jar was 89 eentimeters below the surface, that 
IS, 10 centimeters lower than the floor of the extended burial It was 
obvious that the extended bunal was the older, for it had been dis- 
turbed at the time the pit was dug in which the jar was placed Of 
course, it IS impossible to determine the tune interval which elapsc'd 
between these two interments 

Except for this association between two of the bunals there was 
no direct ovidtmee which could be used to determine the relative ages 
of the two fonns of bunal However, both were found in dost asso* 
ciation within a small area The pits which had lieen dug for both 
types were all earned to about the same depth In addition, there 
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wa8 a clearly marked difference between the methods of bunal of 
adults and of children^ which might indicate that the two customs 
existed side by side within one culture For these several reasons I am 
inclined to belie\e that the extended and the jar bunals were approx- 
imately contemporaneous 

The rolatiVe antiquity of the site tan only bt (onjectured, owing 
to the rather unsatisfai tory evideiue The presence, above bunal 
number 1, of a thick unbroken refuse de{)osit, the top of which was 
4ft centimeters below the present surface, would indicate that at the 
time at which burial had been made tht surface was at that level 
Ihis cvidtnce, however, is iiu onclusivc, for no similar stratigraphic 
record was found associated with any of tlu other nine burials It is 
nevertheless worth noting that, with one exieption, the stone co\er8 
of the jar bunals were all btdow the level of this refuse deposit Ha<i 
the relatively thick layer of black loam which now rovers the site 
been present at the time the burials were made, it seems probable that 
some of it would have been used in filling the pits upon the com- 
pletion of the bunal To l>e sure, the action of surface water sc eping 
through the sand might have leached out the dark color of the loam 
Yet in that case considerable time would hav e had to elapse to re- 
move all traces of such deposits from the pits of all ten bunals 

The total absence of any Chinese ceramics with the bunals may 
furnish an additional clue to their antiquity On other islands of the 
Vtsayan group interments in the ground, as distinguished from cave 
burials, have had unbroken celadon plates associated with them 
Thm phenomenon is entirely missing at this site, but may be explained 
os due to the existence of different bunal customs m the other 
localities Hon ever, the presence of fragments of glased Chinese 
( ( ramies at some depth m the thickened black loam deposits just to 
the north of the bunals indicates that sue h wares bad been used m this 
lot abty for some time Finally, the shapes of the heavy native-ware 
jars m which the bunals were made do not resemble closely those of 
the red globular native-ware jars now in use in the region The 
presence of iron and small beads in the bunals does not preclude 
reasonable antiquity, for these articles seem to have been used by 
Filipinos for a very long time 

In conclusion, it seems safe to affirm that the five extended bunals 
of adults and the five jar bunals of infants encountered near the barno 
of Egid are the remains of a wmetery which was used for a short 
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pcnod of time by a relatively ancient PtJipino coinnumity on the 
west coast of Samar 

The investigations reported upon in thw pape r were in the nature 
of a reconnaissance* and constituted only one of many studic s made 
at a large number of sites jn all parts of the southern Philippines dur- 
ing the course of the University of Michigan archaeological expedition 
to the islands m 1922 to 1925 

UNivxRftiTT OF Michigan 




FOLK TALES WHK'H EXPLAIN HOW THE 
RACES OF MANKIND ACQUIRED 
THEIR (^OLORS 

LU(,ENK S McCARFVEV 

AMONG tin iiiont njgiginR puisuits of tho folklorist is tfw study 
XX of th* disst mi nation of folk talts CountUss artules and 
^olu^lf*h bun wntton on this gpuoral subjpi t I bp tinii has 

now <om(, how(N(i wlicn inoii effort should be dovottd to an 
und< rtaking hardly Itsh inton sting thp Pollution of highly diversi- 
find stones whi<h have grown up mdc j-k nde ntly of one another and 
whieh ow( their ixisttnee to the same psy< hologieal attitude of 
diflferuit peoples or to nimil ir (xjxrunfos StoncH of floorts, for 
instanee oreur in tin lore ed niinurous tnbiH and nations ‘ Again, 
many (Hoplcs have Iriditmns which assume that the einginal eolor 
of the prow tml the raun w ts white One exputs a tale to be 
earned from eemntry to eounfry, but I find it far more inleu'Hting to 
e>hspr\f Imw one eenninon lelea gives rise to many tales teitally unlike 

Whenever two persons or twe:> raees of markedly different reilors 
are brought nite> eontaet feir the first tune the eemtrast is at emee 
notueel and eunosity is arouse el I he point may be illustrated by an 
(xt>enenee of a Dutch traveler in a BiMlouin ramp in Arabia 

I ho iKjldeset vontiirotl to rub n>v hart arm with her hard, black fiiigera 
t<<i «<*e if she could remove some of the white Hbe cnesl out m astonishment 
whe^u the whit-e would not rub off * 

The sleeve of m> kliaki shirt wan puMhod up there it whs even whtierl 

^ ft takers 225 pimtwl pagese to record the worlti s HeKid Ktoiie« See Fraser, 
J O , Folk-i^re in the Old rnsiamerU (I^neJon Maeinillan C« , 1023), 1 107-332 

* See MeCartnev, E S , ^I'olk lalew Which Account for the Blackness of 
the Raven and the Crow, Pap Mtch Acad Sci , ArU, and letters, 12(1930) 
137-148 

* In Aesop, tables, 13 (204), there w described the cxpenenco of a man who 
l>ought an Ethiojiian under the firm eon vie turn that his blackness had been caused 
by his owners neglcet of his bexlily welfare The purchaser tned uU sorts of 
cleansers upon him ami subjeeted him to many washuigs, but all to no avail 
Compare the Greek proverbial phrase, AWioxa afirpc^^t “to wa«h an Ethi- 
opian ** A Negro seiventy years of age onex* told me that ho hod given up wash- 
ing and bathing because wate r had not made him any whiter 
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Tht exanunation \^aa continued to my throat and breast [and even to teas 
acceamble parU of the body] * 

Another example enlivens a book by the moat romantu figure m 
the World War, Colonel T E Lawrence 

Mohammed^tt mother knew herself old enough to be curious about me 
She questioned me about the women of the tnbe of Christians and their way of 
Ufo, marvelling at ray white skin, and the horrible blue e>e which looked, she 
said, like the blue sky shining through the eye-sockets of an empty skull' 

A third illustration of the way the sight of foreigners affects an 
untutored mind has it*^ setting on the other side of Asia 

Ihon Wang Lung know that this was indeed a foreigner and mote foreign 
yot than be in this city, and that after all peopk of black hair and black eyes are 
one sort and people of light hair and light eyes of another sort, and he was no 
longer after that wholly foreign in the ojty Nevertheless, thn>ugh this 

extierience Wang Lung learned what the young men had not taught him, that he 
belonged to his own kind, who have black hair and black eyes * 

Such curiosity about the contrasting lolor of the bodies of 
strangers generally leads naive racts to ahsume that their own fore- 
bears wire the first people in the world and that the color of their 
own skin was tht original tolor of all raech When a naive mind 
icflcfts upon the differences in color the stage is set for the cre^ition 
of an etiological story It is this type of story with wlueh the present 
paper is pnmaiily, though not wholly, concerned 

COLORS or THl* SKIN ACQUIRED AT CRBATION 

According to some folk tales all the races of mankind known to 
the originators of them acquired the < olors of their bodies at one and 
the same time A simple Egyptian explanation says that the god 
Aton distinguished one colour (race) from another'"^ Generally, 

* Van dcr Mculon, D , ' Into Burning Hadhramsut,” NcUtonal Geoffraphtc 
Magwnne, 62 (1032) 397 Similar curiosity was manifeated about Misa Stark 
when she visited the same part of Arabia See Stark, Freya, the StnUhem GtUes 
of i.rohui A Journey %n the Hadhramov^ (fx^ndon John Murray, 1936), pp 238, 
262, 266 Natives of remote parts of Persia who bad seldom or never before 
Hoen a Furoi>ean woman were obtrusively curious about Miss Stark's person 
Hoe her earlier book, The Valleys cf ihe AtMsttnt and Other Perewn Trav^ 
(I>ondoa John Murray, 1934), pp 73, 101 166, 286, 340, 347 

' I-AW retted, T E, JSewn PiUare of Wisdom (Oarden CSty, New York 
Doubleday, Doran and Co , 1936), p 236 

* Buck, Pearl S , The Good Barth (New York The John Day Co , 1931), 
pp 112-113 

^ Breasted, J H , The Dawn of Coneeuntentes (London Charles Scribner's 
Sons, 1933), p 311 
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however, there an eircumstantial aspects in the tales of the differen- 
tmtioa of color, even though a god may play a part in them, a« wo 
may see from the words of an aged Negro on the banks of the Missis- 
sippi 

In tbi* beginning of the world, God, in order to people the earth, wished to 
create a man of each nation, to do whUh lie took a of earth, kneaded Itr 
and detaching ptetes from it, fanhioned in HUicCHMion a NegrOf a Chinaman, an 
/ndion, and eo v, Itli all tlie other peoples * 

An extremely naive tale narrated by a tlonda Negro recounts 
bow ( olors were doled out by GoiJ along with parts of the body 

Well, He give out eyes one day All de nations come up and got they eyes 
Then He give out teeth and so on Then He sot a day to give out color bo sevt n 
o clock dat mornm* everybody was due Ui git they < olor except de niggers So 
God give everybody tJiey color and they went on off TTien He set there for three 
hours and one>half and no niggers It was gcttin hot and God wanted to gii 
His work done and go set in de i ool So He sent de angels Rayffeld and Gab'yll 
[Raphael and Gabriel]) to go git em ho Ht could tend some mo* business 

They hunted all over Heben till dtj found de colored folks All stretched out 
sleep on de grass under de tree of life So Hay field woke ’em up and tolc ’em 
Ood wanted 'em 

They all jumped up and run on up to de th'one and they a as so skeered they 
might miss sumpin they begin to push and shove one notber, hum pin against 
ah dc angels and turnin' over foot-stools They even had de th one all pushed 
one sided 

So OkI hollered ”C*it back! (ot back! ’ And they misunderstood Him and 
thought He said, * Git black, ' and they Ixsm black ever since • 

Othtr Negro lort asfiumf*^ that Cod created i>eople of the color 
of dUHt and allowed Nature to dividi them into two racew 

A mocking-bird in the apple tree trilled for dawn while Cun Heater told how 
God made the first people out of dust They were not bla< k, not white, but the 
color of the dust of the ground He put some m Africa where the sun was hot 
and it baked them him k as tar He put some in a country where wlnter-time 
covered the ground with snow Cold weather bleached them white ” 

Cuok, too, IS a race-oreatmg deity The <itory in which he appears 
18 noteworthy beiause the tellers, the Shilluks of the White Nile, 
retognige that they are an inferior race 

* Chamberlain, A F , ' Negro Creation fjcgend,” The JaurwU of Amenoon 

Fctk^lior$, 3 (liiOO) 303, quoting from Annuatrt de oonodten de 

1878, p a 

* Hurston, Zora Neale^ Aftdes and Men (Philadelphia J B I Ipplneott Co , 
1933), pp 48-49 

** Peterkm, Julia, BngHt Sktn (Indianapolis The Bobbs-MerHi! Co 1932), 

P 18a 
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(uok hat alle Menachen aua Erde geechaffen Als et daranguig me au 
schaffen ging er vou I-And au Laud Im 1 ande der Iremdcn (Weisaen) faud er 
reme, weijwe Erde, Baud| und ao \(urdc denn dieser Meusih aeisa Dann kain 
or lUM pgi rtpOf Land der Agypter da nahm or Nilwlilainm und so rut^tiittd im 
roter (brauner) Menscb Endlirh gelangio ( uok ms I^d jitat dw StliiUuk 
wohnen, und da fand er vul iado, s( h^arac Erde, und so wurdo denn der NehilJuk 
und seme StammesbrUdor schwara 

Andere Version Als C’uok daran ging dl« Mtimihen zu Htimffeu, hattt m 
r« me, wtiHso Haiidt, und so wurdcn denn die ersten Monwiben, wclche aus seiner 
Hand hervorgmgon, weisu Weil uber Cuok sthneli inaihtn wollte, reinigte ir 
Rich die Hlhidt nicht melir, und so aurde der Menstli im I ande der AgypU r 
nicht mehr ho rein und a^oihm wie die vorhergeht nden *1 wurdu rot (^iiurr) 
Endluh kam or nut bt^thmutaten Hfinden ins Si biUukland, daru noch die 
mlmarae Erde, und so ^^urde der Bewohner diests I andes sihwarr 

Daher fUhrt auth dei Sehilluk don Ausdrutk ini Murnle Euer (lott iiuish 
reiht aiisHO Hilndt gcliabt haben, als er euch erwi Imf, wed ihr so gut seid * 

Noi h tme dntte Version i^cUhe die Verw hn dt nhi it dir Farbe dem Willen dis 
Sohdjpfers auteilt, erzahlt man 

Cuok wollto von Anfang an allt Mensihen gleirhfarbig enuhaffeii Dazu 
butte or hUIi die wnsm Farbe auscrlesen Doch wie er sirh so auf dir trdo 
uinsi liauti imd ITberall bei Tieren und Pflanzeii Verai luedonheit der I arbe sah 
gehel ihm das, und so entnchlosH or sii h aui li den Menschen verschiedenfarbig 
au mat hen Da or when den Weisscn erschaffen gmg er ms I and der Agyptir, 
nahm Nilschlamm und schuf einen braunen {qmrr, eigontlnh roten) Er kam 
auch hieher und schuf nun auch einen sdmarztn, denn dicse Farbe fchlte ibm 
noch „A>>er/ fUgt der Bchllluk hinzu, ,»wie es Yerschiedenheit der 1 arl>e bil 
den ISchaifen gibt, die emeu weiss, die aiideren rot, die andoren m wharz, aber doth 
alle Schafe Bind, so ist auch der weisse und mhnarzo Mensdi omer gleith 
dem anderen “ “ 

From a talc of the Ptmvian Indjaiis w( learn that man waa 
created afreah after the dilugf ihe duty made figurts of day to 
which he asaigncd diatinguiahing ( haraett natit'a of the nations to be 
He then endowed them with life and ordered them to paas under th( 
ground in the places where they earned forth thty founde'd the 
nations of the earth ** 

The Zufii e>f New Mexico tell how the Beloveel 1 wain, so^g^of the 
Sunbathe r, (onducted men fmm a cav< m whnh they liad bmi 
ere ated to a second ( ave worhl From it they again led men upward, 
not all at onee, but in aix bands, to become the fathers of the six kinds 
of men, the yt Ikiw, the tawny gray, the red, the white, the blaik, and 
tlie mingled 

** Hofmayr, P W “Religion der Sehilluk/’ Anifcrojww, 6 {1911) 128 

** Payne, E J , H%$U)ry c/ the New World Called A mertca (Oxford At the. 
Clarendon Prem, 1892), I 462 

Judson, Katharine B , Mythe and Legende of Caiifomui and the Old SoiUhn 
tf>e9t (Chicago A C McClurg A Co, 1912), pp 19-23 According to another 
story, ibid , p 24, their “fathers were black like the cave« they came from 
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A creation mytli of th* Adiomawi Indians of northt astern Cali- 
fornia narrates the expeneutts of CoyoU and Silver Fox at the 
l>egmninp; of the world, lu n all m as watc r 1 h< y finally disc o\ ered 
solid ground, i\ent ashore, built a sweat house, and lived m it 
“They thought about making people , and after a time, they made 
little sticks of Herviee -berry, and they thrust them all about into the 
roof of the house on the inside And bv and by all be came people of 
different sorts, birds and mammals and fish, all but the deer, and he 
was as the deni are to-duy 

Iht folklore of the Ekoi, of southern Nigeria, aeeounts for the 
origin of the blaek and the winte races m simpk fashion, without 
lilt inte'rvention of a god 

!n the beginning of things ObnsBi had onlv one wifo These twe> wore the 
hrst erf all pei>ple Before them neither man nor woman liad ever lieen 

In courw# of time the woman bort four children to her hiisliaud Two were 
white and two black ** 

l*roia a Mdantsiau creatum story we learn that light-skmned 
peoples are made from light-eoiond eot omits and the dark-skinned 
jKople from dark ones 

A curious t4ilG IS told by the Htreio eif Htreiolami (or Damara 
Land) in southivchttm Africa Recording to it, the first man and 
woman wen Mukuru and Kainuingarunga, who sprang from a holy 
tree Will n i hi hire n w< n born to them tin y sk*w an ox t ut another 
woman — freun somi souree and plaee unknown — eami anei took 
thi brown-blai k liver for hi r i hddn n, who bee ami black afti r eating 
it Still another woman seized the lungs and bk>od feir her ihildrcn, 
who becamt re'il afti r pai taking of thim Heme the Tierero are 
nowr blaek and thi Nama are rid *’* 

Dixon R H, ‘Achomawi Hud AtHUgewi ialts, 1 he Journal of Atnencan 
Folk Lore, 21 (19(18) lo9 199 

Talbot, P Amaurv, In the I>hadaw of Uie Sun (U^ndon Wm Heinemunn, 

1912) p 387 

w Dixon, R B Oceanic Mythology (Boston Marshall Jones Co , 1916), 
p 108 This work is Volume IX in the stnes Mythology of All Races ’ 

Irle, I , Die Herero Etn Beitrag zur Landez , V oiks , uwd Mtssionskundf 
(Otltersloh U Bertelsmann, 1906), p 76 i he same story is told in simpkr form 
bv Andrew l.«ang, Myth^ Httu^ and Rehgton (New \ ork 1 xmgmans, Green and Co , 

1913) , I 171 ‘ Blat k people are so colound, ac tording to the Ovahi rero, because 
when the first parents emerged from the tree [born wlui h men are born]] and slew 
an ox, the aucestresa of the blacks appropriated the black liver of the victim ** 

Since the ancestors of the Herero and the Naina fought for the hide of the 
ox, the story also explains the traditional hostility of these tribes 
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CMAN<ifc» FKOM AN ORIGINAL WHITK SKIN 

Th<» whit< race proudly aHwumes that tho ongmal roJor of all 
mankind white Since blackness and evil have ever been yoke- 
bliows, the explanations of the change from a white skin to black 
an uu( omplimentary to the Negro It i« quite natural for Semitic 
lore to regard bla< ktu sh as a penaltyt and it was inevitable that such 
lore should be haw^d upon the stones in the Old Testament 

According to one popular belief, Ham was punished with a dark 
&kin bet aus< lu broke the rule of chastity which obtained in the ark 
Another tradition states that a black skm was inflicted upon bun bo« 
cause hi laughed at his father, who had become uncovered in hia sleep ** 
Still another account makes Canaan, the son of Ham, the father 
of the black race In Genesis ix 22 we are told that “Ham, the fathc r 
of Canaan, saw tin nakedness of his father ” but in \erHe 26 
Noah Hays “Cursed be Canaan, a W'rvant of servants shall he be 
unto hw brethren “ In order to remove tins apparent injustice to 
( anaan it has been explained that it was Canaan who saw the naked- 
ness of Noah and that he told his father Ham about it According to 
this vtrsion Noah's curse is more specifie “Cursed be Canaan and 
may God make hw face black '' 

It IS said that the inhabitants of the Sudan believe their blackness 
to be due to NoahN curse, although it is also attributed to the great 
lieat of the sun ” 

GrUnbautn, Max, Nem Bnlr^e iur tttmUiirftm Sagenkttnde (Ti«iden E I 
Brill 1893), pp 86-87 See also GinEbeigi Ijouin, Tke Legends of the Jews (Bhlla- 
iJrlphia Tlie Tewifth Publication Society of America, 1912), I 166, Baring 
OouUi, S , Legends qf Old Tesiatneni Charaeters from W*€ Talmud and Other Sources 
(fxiniion Macmillan and Co , 1871), f 138 

^ Chrantque de Tahart, I 115 (tranHlated by M Hermann Sk»tenberg 
CPans, 1887] from an abridged Poraian vention of the Arabic original) p 212 
of the Aiabir edition, Annales guos senpnt Ahu Vjafar Mokamm^ shn D^anr 
at Tabartf cum dUts edidit M J I)« Coeje Prlma Series I Recensuit J Barth 
lugd Bat E J Brill, 1879-81 See also Orilnbaum, op eU,p 87, Dtthnhaidt, 
OHkar, Natursagenf S%ns Bammlung natwdeulender Sagen, MdrchefH f^ahsln und 
Z/e^endon (I^eipsig and Berlin B G Teubner, 1997-12), I 290 The twuns for the 
story 18 Genesis ix 22 

» See Grttnbaum, op cUt p 86, where Semitic sources are given In a 
Jua ish tradition the visiting of the punishment upon Canaan has been accounted 
for in another way Gn account of the bleseing which Ood bad bestowed upon 
l^oah and his three sons as they issued from the ark Noah eould do no injury 
to Haro hmwelf, and hence punished hitn indirectly through bis son See Gins- 
berg, op eU I 168-169 " Grdnbaum, op oil , p 87 
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The Bible states that from th< three sons of Noah the whole earth 
was overspread** Readers have inferred from this that all racial 
differences developed among their descendants and ha\e concluded 
that the children of Ham acquired their blackness from being burned 
by the sun Jewish tradition iloes say that the land which fell to 
Ham was hot ** 

The poet OMd gives an etiological turn to the common Grtek and 
Roman theory that the Ethiopians were bunied black by tlie inteusi 
heat of the sun ** He picturesquely states that, when Phaetlion was 
driving the chariot of the sun, th( stee<ls got beyond his <ontroI and 
(arried the sun near enough to the Ethiopians to draw the bltXKl to 
the surface of their bodies and to turn them black ” 

The idea that evil-doing may lause blackness of body is still 
current, as may be m on from a passage in a play by John Dos Passes, 
The Garbage Man 

An up m de locu»t tree over our head a nmukin bird was ningiu*, 
cornin' in at ma ears and goln’ through ma body an warmin' it like ^ husky might, 
only awoeter and warmer An ah seemed to feel aU do miw ah’d done, 
dnnkm' ahisky an' girU an' overythm’ all tvme out black like ma skm tied up 
roun^ me, an’ dat sweet aingm' lake angeb puahin' 'em out o me An ah seemed 
to hear a voice aingin' in de maukiii , dat s why you's blat k, John Lincoln \ on 
go git aaved, John Lmcoln, count o' yer sins 

CHANQK8 rUOM AN OKlQlNAli BLACK BKIK 

The prophet Jeremiah asks whether an Ethiopian can change his 
skin ^ Not all Negroes would answer this question in the negative, 
for their folklore gives many examples of thanges from black skins 
to white According to a Maryland Negro, “White people are 
descendants of Cam All mankind was once black, but when the 
Lord asked Cam where Abel was, Cam turned white with fright and so 
remained ” •* 

** GenesU ix 10 

** Qinibergt op cit, I 172 Isidore of Seville {Biym 922) telk us that 
thirty*one peoples were descended from Ham, fifteen from Japhet, and twenty- 
seven from Shem In The Tra»eU t4 Bvr John MandmlUt Chapter 24, it is said 
that Cham took Asia, Shem, ^rioa, and Taphet, Europe ^ also the story 
recorded by Julia Peterkin, RoU, Jordan, Roll (New York R O Ballou, 1033), 
p 137^ 

^ Bee page 58 ** Met 2 285-236 ^ Jeremiah xtii 23 

** Bergen, Fanny D , Ammof and PiarU Lore (*' Memoirs of the American 
FoUc-Ure Society/^ Vol 7, 1399), p 80, No 916 See also Puckett, N N , 
Polk BoRefe of the Southern f>tegro (Chapel HiU University of North Oarolma 
Praiw, 19S^), pp. 4-5 
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Sevmty-five years ago a traveler m the anceatral land of the 
hla(k man heard this same taU told with great daboration The 
following version of it i« said to have conu from tlu lips of a nativi 
preathfr of Sierra Leone, where hatred of the wiuU man vas intense 
at that time 

My bmJdren, you white man bad too mmh, ugly too much, no good 
"Vou want Kabby how man like dat come to lib ui the world? Well, 1 till you 
Adam and Fve d*y colored people v«r> hatmuin, hb in one lx;autifiil garden 
l)(ro dey hab all thingA dat be gmxl PlantumH jams sweet potatoes, foo-fuo 
jtalm he-igh, too much I Den dey hab two ilulruin, Cam and Abel Cam 

no like Abel s palaver, one day he kill m I>tn Cod angjy, and he say, Co»rt^ 
( am go hide hiiiiHelf, he tmk him bony dalicr Heigh height God say again, 
Cain, you tink I no hoc jou, you bush nigger eh? T>in Cam <ome out, and he 
saj, ‘ VeH, moasH, I hb hert —what dt matlir, inaana? ' Den God say in one 
big voice like de tundor in d« skv, Where m brodir Aljel? Dtn Cam tuin whdf 
all ober with fear dat dc first white man, breddren ** 

According to another version of ilic «iam< trHgnly tlu whitening 
was a gradual proitss and wan dm to linginng and harassing ftar 

the story winch jou will oft^n be told to account foi the blackness and 
whiUneaa of men by Afraaiis who have not been m dlreit touch with European, 
but who have been In touch with Mubammedan, tradition - which in the main 
has the same Seimtu source - is that when Cam killed Abol, be was hornfiid at 
himself, and terrified of God and so he earned the body away from beside the 
altar where it lav, and < arried it about for years trying to hide it but not knowing 
how, growing white the? while with the hoiror and the fear, until one day he saw 
a crow BcraU bing a hole m the desert sand and it struck him that if lie made a hole 
in the sand and put the body in, he < ould hide it from God, so he did, but all his 
children were white, and from Cam came the white races, while Aljel^s children 
are blai k, as all men were b< fore the first murder “ 

The most dtlighfful of these racial so*’ stoncK was tolei !>> 
Uxicle Rtmus 

One night, while the little boy was watching UniJe Remus twisting and 
waxing some shoe-thread, he made what appeared to him to be a very curious 
discovery He discovered that the palms of the old man » hands were as wlute as 
his own, and the fact was such a source of wonder that he at last made it the 
subject of remark The response of Uncle Hemus led to the earnest recital of a 
piei e of unwritten history that must prove interesting to ethnologists 

Reade, W Wmwood, Savage Afnca Being 0ie Narraitve ijf a Tour m 
Bquatortalf SotUAteesfem, o7»d NorihtveBiern Afnca (New York Harper and 
Hrothem, 1864), p 31 A not less circumstantial version of the way Cain turned 
white with fear is given by Witter Bynner in a poem called ‘Pallor/' The New 
RepuhUCf 44(1925) 151-152 See also Burton, B F Wit and Wudam from 
We*i Afnca (Ixuidoii 1865) p 124 

• Kingsley, Mary H , West African Sludiee (I/mdon Macmillan and Co , 
1899), pp 384"385 
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"Tooby sho de pa'm er my han'tt w’lte, honey/' he quietly remarked, ' eii, 
w'on tt come ter dat, dey wuz a time w en all de w ite folks 'us black — blacker 
dau me, kaze 1 done bln yer bo tong dat 1 liin sorter bleach out " 

The little boy laughed He thought Uncle Remus was making him the 
victim of one of his jokes, but the youngster was never more mistaken The old 
man was serious Nevertheless, he failed to rebuke the ilbtimed mirth of the 
child, appearing to be altogether engrossed in lus work After a while he resumed 

"Yasser Fokes dunner w'ai bin yit let 'lone w at gwmeter be Niggers is 
tuggers now but de time wuz a en 'us all niggers iergedder " 

“When was that, Uncle Ktmus?" 

“Way batk yander In dem limes wc uz all un us black, we uz all niggers 
tuigedder, en tordm' ter all de ( ounts w'at 1 years folks 'uz gittm 'long bout er 
well m dem days ez dey is now But att«r *w lie de news tome dat deie wuz a pon 
er water some rs in de naberhood, w ich ef dey’d git inter dey d be wash oflf nice 
en w ite, en den one un uro he ftne de place en make or plunge inter de ptm tn 
come out w ite iz a town gal En den, bless grashus! w en de fokes seed it, dty 
make a break fer de pon , en dem w at wuz de soopless, dey got in fits on dey 
come out w'lte, en dem wa't wuz de nex soupless dey got in nex , tn dey come 
out moilatters, en dey wuz sech a ( rowd un uin dat dey mighty mgh use dc watei 
up, w'lch w'en ckm yuthers come long, de morost dey could do w uz ter paddU 
about wid der foots en dabble in it wid der ban s Dem wuz do niggers, en down 
ter dm day dey am t no w itc bout a nigger 'ceppin dc pa nts er dei han s en de 
soles er der foot ' 

The little boy stnined to bt v<ry inuth intertHtid m thn new 
account of the origin of racHH, and he made «omt furtlier inquinen, 
whic h elieiUd from Unilt Remus the fo!lc>wmg additional partieularn 

“De Injun cn de Chmoe got ter be «*ounted long cr dc merlatter I ain't 
seed no Chinee dat I knows un, but dey tells me dey or sorter twix a brown eu a 
brmdU) Dey er all merUtterg “ 

Did the Uncle Remus story come in whole or in part from Afnc a? 
The following tale from the French C ongo is worth quoting in con- 
nection with it 

It was m the beginning, and four men were walking ihmugh a wood They 
came to a place where there were two rivers One river was of water, clear as 
crystal and of great purity, the other was black and foul and terrible to the 
tast6 And the four men were puzzled as to which river they should cross, for, 
whereas the dirty river seemed more direitly in their way, the clear river was the 
most pleasant to cross, and perhaps after they had crossed it they might regain 
their proper path The men, after some consultation, thought that they ought 
to cross the black river, aud two of them straightway eroeaed it The other two, 
however, scarce touched and tasted the water than they hesitated and returned 
The two that had now nearly crossed the river called to them and urged them to 
come, but in vain The other two bad determined to leave their compamons, and 
to cross Uie beautiful and clear river They crosaod it, and were astonished to 
6nd that they bad become black, except just those parts of them that had touched 

•* Hams, Joel Chandler, Vnele Remna Hu S&ng9 and Hu Sapings (New 
Yoi^ D Appleton and Co , 1920), pp 163-166 
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the bitiok river, namely, their mouths, ths 9 oIe« of ihttr ftiit and the palme (4 Iksir 
hande The two who h^ oroased the black river, however, were of a pure white 
colour The two parttee now traveled in different directione, and wbra they had 
gone some way, the white men were agreeably surprised to come across a large 
house contaming white wives for them to marry, while the black men also found 
huts, or shtmbeM, with black women whom they married And this Is why some 
people are white and some black * 

White adventurers and explorers in Africa still in<»et with naive 
explanations of their color One of them was told by hw cannibal 
servant that the white man w white because of some disease** 
Needless to say, the information imparted a sense of secunty to the 
expedition 

Tribes m the interior of New Guinea called ghosts from the 
sea” the first white adventurers whom they saw ** A member of 
another expedition says of these primitive people “According to 
their notions the outside world was a world of spints, and many of 
them took us, with our white skins, for ghosts of their ancestors 
Only at our coming did they learn of a world of men beyond their 
mountain walls ” ** 

In both Africa and Australia there has fiounshed, sometimes with 
amumng results, the superstition that white men are reincarnations 
of black men 

The belief in the new human birth of the departed soul, which has even led 
West African negroes to commit suioide when in distant slavery, that they may 
revive in their own land, in fact amounts among several of the lower races to a 
distinct doctrine of an earthly resurrection One of the most temaika)^ forms 
which this belief assumes is when dark-skinned races, wanting some reasonable 
theory to account for the appearance among them of human creatures of a new 
strange sort, the white men, and struck with their paWd deathly hue combined 
with powers that seem thoM of superhuman spiritual beings, have determined 
that the manee of their dead must have come back in this wondrous shape The 
aborigines of Australia have expressed this theory m the simple formula, “Blatk- 
fellow tumble down, jump up Whitefettow '' Thus a native who was hanged 
years ago at Melboume expreseed in his last moments the hopeful belief that be 
would lump up Wbitefellow, and have lots of sixpences The dokrine has been 
current among them sinoe early days of European intercourse, and in accordance 
with it they habitually regarded the EngUsbmen as their own deceased kindred, 
come back to their country from an att^hment to it in a former life Heal or 
imagined likeness completed the delusion, as when ^ George Gmy was hug^ 
and wept over by an cAd woman who found in him a eon she had l^t, or when a 

» R. B 4 l>eonett, Noiet on the FMore <4 the Fjoii (FmeK Cengs), (“HuWl- 
cations of the Folk-Lore Society,** Vo) 41), pp 101-103* TW italice are ndne 
The Deimi hTstM, “Features,** July 15, lOSS. 

** /hut, *'Magaiioe Section,” Oct 31, 1024, p & 

** The ATets York ftmsi Jlfegastne, S^t 16, 1024, p 4 
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dmviott reoogniiod a» a doceaaed relative, waa endowed anew with the land he 
had pOMeMod during hia former hfe A similar theory may be traced northward 
by Torres Islands to New Caledonia, where the natives thought the white men 
to be the apints of the dead who bring sickness, and assigned this as th«r reason 
for wishing to kill white men In Afnca, again, the belief Is found among the 
Western negroes that they will rise again white, and the Ban of the White Nile, 
believing in the resurrection of the dead on earth, considered the first white 
people t^y saw as departed spirits thus come back 

TALES AND LORE rROM THE KAH EAST 

The cunoHity of Amatics toward persons and races of different 
colors has bee^n exemplified by quotations at the beginning of this 
paper, but aside from these passages and Semitic tales (pp 42-43) 
I have collected only a little lore from Asia 

We have seen that the change from black to white has been ex- 
plained as due to fear (p 44) According to a paragraph m a 
popular magasine,’’ the Sultan of Selangor and hia wife, who lived in 
(onstant dread of automobiles while they were visiting England in 
1936, ‘Hhought at first that it must be fnght at the terrible traffic 
which made English girls so pale” Rather recently (1936^) the 
whiteness of English men has been quite differently explained by 
natives on the Assam-Burma border, where some slaves whom a 
British pumtive expedition had rescued from tribes which practiced 
human sacrifice were temfied by the strangers of a cunously pale, 
'unnpe* color and bewildenng habits ” “ 

The Santal Parganas of India say that mankind was divided into 
twelve races because of different choices of food which their ancestors 
made at a banquet ** 

Negro and Amencan Indian explanations of the colors of Asiatics 
are given elsewhere in this paper (pp 46, 53) 

INDIAN TALES OF THE ORIGIN OF WHIfE, BLACK, 

AND RED SKINS 

We have seen how the white man and the black man both take 
it for granted that the color of his own skin was the original color of 

^ £ B , Pnmttm CuUure (New York O P PuUuun’a done, 1990), 

II : 6-6. Va» Amerioan Indian baa hien known to call £uropeana spurita. 8oe 
Parktnaa, Franois, ha diatfr and ihe £h«cov*rff qf (he Oraai VTeaf (Boston Little, 
Brewn^ iiid Co , 1894), pp 964-256 

« 7kme, 28(1980)1 29 

» The lauttroied l/mdon Netat, 100(1937) 1200 

* Bompas, 0 H , translator, Talktore of (he SafM Targanat (liondon 
B Nutt, 1009), p 404. 
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ail mankind and how, m general, ea(h to explain only one 
deviation from it Naturally the Indian had talen whnh accoiuited 
for the divcTHifitation and mattering of tribes,^ but wh< n hi8 land wah 
diKturbtd by the mtruHion of men from beyond thi sea and he wan 
brought face to face with ntnking contranln in tlit eolorn of the human 
body, he created others to explain, often to the disparagement of the 
nevi arrivals, how whiteness, blar kness, and rednt hh w ere ai (luired 
In the most characteristic of these taUs whitem ss and blackncbs 
are attnbuted t^ mistakes or to some unfortunate experience, and 
red IS the perfec t or ( ulminating color The threefold pieturesqueness 
of such stories would impress tlum upon the hearer, and doubt It ss it 
increased the probability of thtir being remembered and recorded 
I shall quote first the simpler and loss interesting accounts of the 
creation of man 

The Penobsc ots thus explain the blue kness of the Negro “Tht re 
was a boy who laughed constantly at his parents Kvery time they 
said anything he would laugh till he was black m the face So he 
became black and the father of the negro race They are always 
laughing and showing their teeth 

A fragim nt of a tab of the northern Mewuk Indians of California 
explains how they got their dark complexion 

When water covered the world only the top of the highest mountain rose 
alK)ve it The pfHiple hod climbed up on this mountain, but could find no food 
and were starving fhey wanted to go off and get something to eat When the 
water went down all the ground was soft raud After a while the people rolled 
rocks down to see if the mud were hard enougli to hold them Wb«n the rocks 
stayed on top, the people went down to search for food 

But the mud was not hard enough to hold them and they sank out of sight, 
leaving deep boles where they had gone down Then hah'-kak^oo the Ravens 
taint and stood at the holes one at each hole wltere a man had gone down 
After a while, when the ground hardened, the Ravens turned Into people That 
is the reason the Mewuk are so dark " 

In a Choc taw myth the Great Spirit causes warnors of different 
colors to emerge from the summit of a smoking mountain and to 
depart in four directions a fair-complexioned man to the north, a 

" See, for example, a Choctaw myth recorded by D 1 Btishnell, Jr, The 
Choctaw of Bayou Laeombt Sf Tammany Panoht hommana (Snuthaotiian Inatitu*' 
Uou, Bureau of American Ethnology, Bulletin 48), p 30 

“ Speck, Frank O, "Penobeeot Tales and Rellgioua BeHefe,*' Journal of 
Amencan Fclk-tore^ 48(1035) 04 

" Merriam, C H , The Dawn of the Worid Myike and Wetrd TaUe Told by 
(he Mevm Indtam of Cal^omsa (Clevelaxtd Arthur H Clark , 1910), p lOl 
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slightly darker man, a Chickasaw Indian, to the west, a copper- 
colored Choctaw to the south, and a mu<h darker man to the east 
They established tin white, red, and black ra< < s in the lands to which 
they went ^ 

An explanation of the origin of tin rttlmss and the whiteness of 
races m to bo found in a t reation story told by an old Indian from the 
Pueblo of Afoma,^ a mrmbir of a party of Indians who were visiting 
the Burtau of Amtruaii Kthnology in Washington, D C , m 1928 

In th( beginnmg two female dnldn n were bom uruhr ground at 
a place called Cipapu After they had grown up a spirit, 1 sitciln&kO, 
spoke to them and taught them Whin they finally reached thf 
world of light, they were told by the spirit to pray with their own and 
their clan names, so that the sun would know and recognize tin m 

When the sun appeareci, tf woe too bni^ht for ilk**, and it hurt her eyes 
She wondered if Nao t«it) a eyes hurt htr too, so she put htr head down and 
sideways, letting her hair fall, and looke<l at Nao tsiti By doing this the light did 
not strike her square in tlie face and hir hair iuused a little reddish shade 
1 sitctlnftkd said, 1ft tik®, the sun has not appeared for you Ixiok at Nao tsiti , 
see how strongly the light is striking her Notne how white she looks ** And 
although 1& tfko turned U) the sun, it did not make it as white as Nao tsiti, and 
Ift tiko s mind was slowed up, while Nao tsiti s mind was made fast 

I^ter on NaoTsiti bore two fluldren, whiih she had tonceived 
as the ram fell on her while shi was lying upon htr back When a 
U eling of estrangement developed between tin sisters, Nao tsiti took 
one of her children and went to the East, where, it is implied, she 
became the ancestress of th< white race 1 h( re is, howeyt r, a group 
of < reation stones which make it ckar that two sisters became the 
foundc rs of the white and the red races ^ 

The Indians had stones whu h recall the one told by Uru le Remus 
(see p 44) A Creek talc , for example, mns as follows 

Three Indians were once out hunting One went after water and found a 
nice hole of water but wan afraid to drink Another went down to it, dippcxl lua 
fingers in, and said, “It w good I<et us go into it ’ So he dived in and came out 
When he came out he was white From him came the w hite people The second 

*• Culbertson, James, “ Choctaw I ables, ' Folk-^Sayt A Regtmal Mueellany^ 
No 1(1929), 25-26 

^ “Acoma is the westemm^Mt of the Keresan speaking group of Rio Qrande 
Pueblos in New Mexico, situated with T4iguna at some distance to the wiuth-west 
of the ntaui group ' fxige 370 of article cited in the next note 

** Forde, C Daryll, “A Creatsm Myth from Acoma,' 41 {1930} 

370-387 Quotation on page 376 

« Ibid, p 370 
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dived in and came out darker because the water wae somewhat roily From him 
came the Indians The third dived in and came out black because the water 
was now very roily From him came the negroes ^ 

A somewhat similar story, but obviously influenced by missionary 
teaching, has been collected among the Biloxi, a tnbe which formerly 
dwelt on the coast of Mississippi 

KuU Mandkoe, the One Above, made people He made one person, an 
Indian While the Indian was sleeping, he made a woman Then the One A^ve 
went away to 6nd food for the man and woman 

After he left, something was standing there upright it was a tree A person 
said, *'Why do you not eat the fruit of this tree? I think he made It for you to 
eat ** 

So the woman pulled off some fruit and stewed it and she and the Indian ate it 
Shortly after, the One Above returned Now he had gone away to find food for 
them When he found they had stewed this fruit, he was very angry He said, 
“Work for yourself Find your own food, else you shall be hungry “ 

When the One Above had been a long time gone, he sent back a letter to the 
Indians But tlie Indians did not receive it, because the Americans took it 
That is why Americans know how to read and wnte 

Now after the letter came, the people found a very clear stream of water 
The American found it first and lay down in it, therefore he is very white all over 
Next came the Frenchman, but the water was not so clear Then came the 
Indians, therefore Indians are not of light complexion, because they did not find 
the water when it was clear Afterwards came the Spaniard, and he was not white, 
because the water had become very muddy 

Some time after the Negro was made The One Above thought he should 
attend to work, so be made the Negro's nose flat And by this time the water 
was very muddy, and the stream was very low So the Negro washed only the 
palms of bis hands Therefore Negroes are very black except on the palms of 
their hands.** 

In a Canb venuon it la to clean and soiled moulds rather than to 
water that the colors of the races of mankind are attributed 

Then the Great Sfrint — Makanaima — made a large mould, and out 
of this fresh, clean day, the white man stepped. After it got a little dirty the 
Indian was formed, and the Spirit being oalt^ away on business for a long period 
the mould became black and unclean, and out of It walked the negro ^ 

Indian lore, too, represents man as having been created from the 
ground, as may be seen from a Salishan tale, collected at Okanogan 

** Swanton, J R., Mytht o«id T<tU$ cf ih$ iSoatkeodem /ndfoiM (Smidieoiiian 
Institution, Bureau of AsMdean SSthnoio^, Bulletin 8S), p Swanton records 
a simpler version of this story on page 74 

** Jodion, Katharine B , Afyfks and Aspsnds of th$ M%mmpp% FoUsy and (ks 
Gmd lakes (Chicago A O M^Uig A Co , IfiU), pp 13-13 

** &oddam*Whetham, J W , fteroima and BnM Ghnona (London Hunt 
and Blackett, 1879), p 173 



Hov) Races Acquired Thetr Colors 51 

in Bntuih Columbia^ in which the Chief (or God) is pictured as 
fashioning the pnucipal races 

Thus the bnl Indians were made by him from balls of red earth or 
mudf and this is why we are reddish-colored Other races were made from soil 
of different colors Afterwards some of these different races met at certain points 
and intermingtedf and thus the intermediate shades of color have arisen. As red 
earth is more nearly related to gold and copper than other kinds of earth* there- 
fore the Indians are nearer to gold* and finer than other races ** 

A Senecan story of the creation of man from earth is far more 
elaborate 

God at first created the sun and the minm One day while walking about on 
the earth, becoming lonely, he said* 1 will make a human being to keep me 
company ** He held his way until he came to an uprooted hemlock* which bad 
rais^ a great pile of earth with its upturned roots Now* the roots of the hemlock 
are very numerous and slender and are covered with tufted rootlete for* as the 
tree grows on thin* pale* sandy soil* it needs many feeders to provide the neoessaiy 
sustenance God made a human being from the earth piled up among the roots 
of this tree There were so many fibers in this earth that the human being was 
seemingly hairy, and the soil Mas so poor and hght-colored that he had a pale* 
sickly compleidon God breathed on him and he stood up and walked. Then 
God looked at him from behind the roots of the tree, but being not pleased with 
bis ereation* he resolved that he would try again 

God soon came to a walnut tree lying uprooted* which had pulled up with its 
roots a mound of black earth From this earth God made another human being 
As he looked at Mm* he saw that* bemg black, he had too much color So 
was not satisfied with this plooe of work, cither 

Going on farther* he came at last to an uprooted sugar maple There the 
earth had a fine deep color* so out of this made the third human being, 
whoee body was smooth and firm and of a full rich tint And God* pleased with 
hfs looks* said* ^*He wiU do* he looks Uko me ** This last human t^ng was an 
Indian* thus the Indian was the native human being “ 

According to the Cree Indians, whitenesa, blacknm^ and redness 
among the races arc due to the application of different degrees of heat 
during a trial-and-orror method of creating a perfect man* the red one 

When Great One made mankind, he first made an earth oven Then he 
modeled a man of clay and put lUm in to bake He was not baked enough and 
came out white Great One tried again* but this time he baked the man too 
long Bo came out black The thud time Great One baked the man just the 
correct time, and hd came out red That is the reason why (Hfferent races have 
different cc^rs 

Boea, Frans, foik>‘Tak9 SaMian and jSoAopfin Tribtt C' Memoirs of the 

American Folk-tore Society.” Vtd XI [1817]). p 84 

^ OlsrUn» J , and Hewitt, J N B , ”Seneca fiction, Legends, and Myths,” 
Annuel Report of the Bureau cf Amenean Ethnologyt 82 (1018) 188^180 

Judaon, KaUiarine B , Mytko and Legende of Brttteh Atnerioa (Chioago 
A O MeOm & Co * 1917)* p 109 
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1 lio Soinitioles had a remarkably similar putiire of the j^ene^iis of 
the three great rates with which they were familiar 1 hey “believed 
that man was originally formed from the flay, that the Great Spirit 
submitted lus < rt ation to the influence of fire, but that his ignorance 
of the degref of heat ntcessary to give consistency caused the first 
batch to })e ovtrbakfd, black, and trusty, thesi were the aborigines 
of thf negro race Again the Creator essajed, but * ndeavonng to 
avoid thf error of the former attempt, he plunged into another, that 
of applying too little fuel They were in oonsequenee but half baked, 
of a pale ash color These w( re our first parents But in the third 
and last effort the Gn at Master created perft e t models, both m shape 
and color, producing to the world the founders of the Indian tribes ^ 

A story that resembles this om, perhaps a variant of it, was em- 
ployed by thf Seminole chit ftam Neamathla on a formal oeeasion In 
the treaty of Moultrie Creek, com hided on September 18, 1823, prov i- 
sion was made for thf establishment of a sf hool among tlie Seinmoh s 
1 he chiefs wt re unwilling to expose their children to the white man’s 
methods of ediu ation, and upon Neamathla fell the delicate office of 
eommunuating their decision to the governor of l^londa In his 
speech he made use of the Seminole myth of the e n»ation of man ^ 

Then the Master of I ife aaid, \^e ^ill make man Man was made, but 
when lie stood up before his Maker ho was whtte^ The Great Spirit was sorry 
he saw that the l^ing he had made was pale and weak, he took pity on him, and 
therefore did not unmake him, but iet him live He tried again, for be was de- 
termined to make a perfect man, but in his endeavor not to make another white 
man, he went into the opposite extreme and when the second being rose up, 
and stood befoni him he was hlack^ The Great Spirit liked the black man lees 
than the white and he shovixl him aside to make room for another trial Then it 
w as that he made the reef man and the red man pleased him 

A variation of thiH myth may be found in the workn of Washing- 
ton Irving Affording to him a Seminole (huftain thus addrensed 
the governor of Florida 

My brother, we have been thinking over the proposition of our Great lather 
at Washington, to send teachers and set up schools among us We ore very 
thankful for the interest he takes in our welfare, but after mu(h deliberation, 
have decided to decline the offer What will do very well for white men, will not 
do for red men I know you white men say we all come from the same father and 
mother, but you are mistaken Wo have a tradition handed down from our fore- 

“• Narrative of a Voffoge to the Spantah Main tn ike Ship **T%oo Fmnda** 
(London, 1819), summarised by Bwanton, p 75, as cited in note 47 

McKenney, Thomas L , Htatory of the Indian Trlhee of North Amertea 
(Philadelphia Rico, Rutter & Co , 1870), I 82-83 
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fatheni and we believe it, that the Great Hpirit, ^hen he undertook to make men 
made the black man, it was hiH firai attempt, and pretty laell for a beginning, 
but ho soon aaw he had bungled, so he determined to try hifl hand again He did 
BO and made the red man He hkod him much better than the black man, but 
atilt he was not exactly what he wanted he tried once more, and made the 
white man, and then be was sntiafied You him therefore, that you wire made 
lost, and that is the reason I call you my youngest brother ^ 

In this form the myth fails to show thf pnek of ra< e and tlu sclf- 
sufficirncy whioh help to give rise to « tiological tales If the turn of 
phrai^t at the end is clever, it is a while man's rl<\erness — and dis- 
tortion 

There was not much occasion for Indian tribes to Mp< mlate about 
the colors of the skins of Orientals but I havt found one explanation 
m the Ion of the Cochiti According to this tale, people who sur- 
vived the flood wen called “last y^ars crop people ” “Tluy were 
yellow like last year's corn, and tlieir liair was curled up in queues 
on their heads like last year's husks “ “ 1 he narrator of tht story 
identified them as Chuusc and Japaiusi 

ORJi^KK AND ROMAN I OKI* AND THLORII-8 

As the Greeks and the Romans travtled the length and breadth 
of the ancient world on errands of tradf and conquest they, too, 
speculated about the v anoiis colors of the rac cs of mankind Although 
there has survived only one etiological story which they created 
about the color of man, the myth almut Phatthon (see p 43), thtir 
views are worthy of inclusion m this paper Ihe Greeks tried to 
make a seieutifie approach to the subjeft, but some of their ideas 
were folklore to begin with 

Both classical nations c^xplam the darkness of the peoples of 
India and Africa os due to their having been scorched or burned be- 
cause of their neanuss to the sun and because of the diyness of the 
atmosphere The name Kthiopian (Alflto^) is itself mute testimony 

“ Irving, Wtt«hington, “Origin of the White, the Rod, and the Black Men ” 
m Wolfert^e Hooei and Other Papers 

Benedict, Ruth, Tales of ihe Cochtlt Indians (SniiihiMintan Institution, 
Bureau of American Ethnology, Bulletin 98), p 3 

^ A few references to typical passages may be given Aesch , Prom Vtndus 
808-W, Plut. Mot 888 A, LucroUus 6 72 W22, Tibullus 2 3 55-66, Ovid, 
Met 2 235-236, Manil , As(ron 4 728-730,768, Uican, Pfcara 10 131,221-222, 
Pliny, JVoI Hist 2 189, Hyg , Fab 164, Macroh , ^cmin *Sctp 2 10 11, Serv on 
Verg,, dsn 4 481, Isid , Stym 14 6 14 We are told that the names “Maun" 
and “Mauretania” onginated from the blackness of people and that their color 
was due to exposure to heat See Manil , Aairon 4 720-730, Isid , Siym 0 2 122 
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to Greek ideas, for it is composed of two words (aWo) + 6^) which 
mean “Burnt Face”** One wnter does hold, however, that the 
Indians were black by nature rather than from the heat of the sun •• 
The conflicting opinions of the best^nformed ancients m regard to 
the cause of blackness in man are well set forth by Strabo 

But Onesientua believes that rain water is the cause of the distinctive 
differences In the animals, and hs adduoos as evidence that the colour of foraign 
cattle which dnnk it is olumged to that of the native animals ** Now in this he is 
correct, but no longer when he lays the black complexion and woolly hair of the 
Aethiopians on merely the waters and censures Theodectes, who refers the cause 
to the sun itself, saying as follows Nearing the borders of these people the Bun, 
driving his chariot, diMoloured the bodies of men with a murky dark bloom, and 
curled thetr hair " But Onesicritus might have some argument on bis side, 
for he says that, in the first place, the sun is no nearer to the AethioiHans than to 
any other people, but Is more nearly m a perpendicular line with reference to 
them, and therefore it is incorrect to say, ** Nearing the borders the sun,*’ 
since the sun is equidistant from all peoples, and that, secondly, the heat is not 
the cause of such a discoloration, for it docs not apply to infants in the womb 
either, smoe the rays ot the sun do not touch them But better is the opinion of 
those who lay the cause to the sun and its scorching, which causes a very great 
deficiency of moisture on the surface of the skin And I assert that it is in accord- 
ance with this fact that the Indians do not have wholly woofly hair,*^ and also 
that their skm is not so unmercifully scorched, 1 mean the fact that they share in 
an atmosphere ** that is humid ^ 

M An mteresting addition to our knowledge of the etymology of the word 
9(0^ has been m^e by W H Worrell, The Coptic Manuecnpte of (he Freer 
CoUecHon (University of Michigan Btudies, Humanistic Series, Vol X), p 855 
** Otesias, ap Phot , BtbhMheea p 46 of I Bekker’s edition (Berlin, 1884) 

^ There are many ittferenoes to the power of water In certain traces to change 
the color of animals, e g Strabo 6.1 13, 10 1 14, Aristotle, Hut Amou 8 13, 
519a 18, «dem,Ausc Affroh 169-170, Aelian, Be Nm Anfm 8.31,18 86, AnUg, 
Hut fiftrob 78 (84), 134 (149), Plmy, Hot ffuf 2 230, 31 13, Seneca, Nai 
QwM 3 35 3-8, Vitruvius 8.3 14, tsid » Blym 13 13 5, Solinus 7 37, 33 1 

See also l^rabo 6 1 13. Plmy, Nat Hiet 31 14, says that men who drink 
from the Sybaris River become darker and have curly hair, whereas tboae who 
drink from the Crathis acquire a lighter complexion and have straight hala Cf 
Ovid,M0l 15317-318 

Quodque magis minim, sunt qul non corpora tantum 
Verum animos etUm valeant mutare liquoree. 

Aristotle, Probt /twd 3 72, cootraets with the curly hair of the Ethiopians 
that of a people farther north, the Scythians, Who, he says, have straight hair 
Ho attributes the crispness of the hair of the Ethiopians to their hving near the 
sun Cff Pliny, Nat But 3 189 “ . Aetiiiopas vloint sidhris vapm torreri 
adustwque sinules gigni, barba et capiUo vibrat^ non eei diibfum ” 

** Strabo 15 1 13 states that tbs color of the people of eouthem India re- 
sembles that of the Ethiopians and Ukewlse gives the hunddity Ui the atmosphere 
as the reason for the failure of their hair to curl 

** 15 1 24 (H L Jones* translation in the Loeb CUssieal Library) 
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The fair complexions of races in the north are attributed by 
Vitruvius to abundance of moisture and coolness of the atmosphere ^ 
Isidore thinks that differences m the color of the skin, m the size of 
the body, and in temperament are all caused by variation m climate 
Even the stars are charged with being the caus< of the different colors 
and dispositions of the races of mankind 

MODFRN B&UKFS 

For many centuries not much mlvancc was made upon Greek 
and Roman theories in regard to the reason for the different colors 
of the races In 1682 an author who was well informed for his day 
wrote as follows 

What then ib the efficient cause of this colour [blacknessJT It can be no 
otherwise, but either the busineese of heaven or of the earth, or perchance a 
certain unknowen propertle of the soyle, or a certayne reason hidden properlie in 
Nature unknowen to man, or altogether unperceiv^ 

But these things I leave to be considered of the searchers out of the nature of 
things.*’ 


Within a centuty after these words had been written Sir Thomas 
Browne summarised what was known about the cause of blackness in 
Xegroes ^ Since his works are readily available in large librancs 1 
shall content myself with the quotation of but one «enU nee Which 
whoever strictly enquires, shall find no less of darkness in the cause, 
than in the effect it self ” •• 

The most mteresting lay speculations which 1 have seen upon this 
general subject were made over a century ago by a missionary who 
spent eighteen years m Paraguay Some of them are as follows 

I have often wondered that the savage Aucas, Puelobes or Patagonians, and 

other Inhabitants of the Magellanic region, who dwell nearer to the South Pole, 

should be darker than the Abipones, Mooobios, Tobas, and other tribes, who 

live in Chaco, about ten degroee farthw north, and consequently suffer more from 

the heat* May not the difference of food have some effect upon the complexion^ 

The Southern savages feed principally upon the flesh of emus and horses, in 

which the plains abound Vom this contribute nothing to render their skin darkf 
__ 

• 9%m 

** Firm. Mat , M<Uh 1 8 1, 1 6 6 , and Manil , AMrcn 4 712*780 
^ Batman, Stephen, Bomion uppon BortAolome, Hi$ Book$ Dm PropmUUUm 
Rsrwei, corrected, enlarged, and amended (London, 1582), p 251 

** The 8M>rhs qf B%r Thomos Bnoione, edited by Qeoffrey Keynea (London 
Fabttt and Owyer, 1028), III 281-247 
•/5id,p.232 
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What if we say that the whiteness of the skin is destroyed by very severe cold 
as well as by extreme heat? Yet if this be the case, why are the inhabitants of 
Terra del Fuego more than moderately white for that island is situated in the 
fifty fifth dofcree of latitude, at the very extremity of South America, hard b> the 
Antarctic Pole? May we not suppose tlmt the Southern nations derive their 
origin from Africa, and brought the dark colour of the Africans into America? ™ 

( DNf I U810N 

Motifs for Etiological Stones 

In the natural world there art animals and plants whuh have 
sinking shapes, colors, markings, habits, traits, and charactenstics 
Cunosity about such distinctive things in the animal and vegetable 
kingdoms Uads savages and other simple-minded people to create 
“just H(>“ stonf s to (xplain how tluy wt re acquu*ed, for it is naively 
assumed that they we re not original In this general e lassifie ation 
are uuludtd the tale s fabneated to aceount for variation in the eolors 
of the rae es of mankind 

Tlie first Ht(‘p in the e re ation of an etiolognal story is the neiticmg 
of a proinine nt e>r a distinctive e haractenstic , the second is reflection 
upon the eause of it In the introduction to this paper there appear 
three quotations which reveal the intense interest manifested by 
unsophisticated peoples m strangers of a different color With a 
little play of folk imagmatioii their cunosity might have found ex- 
pression m an etiological tale It may actually have done so after 
they secured leisun. for speculation Doubtless the Indians applied 
the name “palefaces" to the queer people from abroad long befon 
they invented their numerous explanations of whiteness 

A traveler in a foreign country naturally notes differences in 
customs and in ways of doing things The less reflective he is the 
more he is inclined to regard the manners of his own country as the 
standard and those of the foreign land as departures from the normal 
In much the same way the naive people among whom etiological 
stones originate generally assume, on coming in contact with another 
race, that their own characteristics are onginal and normal and that 
the foreigner’s have been acquired How easy it is to believe such 

An Account cf th€ A6»pon««, an Equestrian People Fnroguay, from the 
l^tin of Martin Dobriahofler (London 1822), 11 9-10 

^ 1 have given inuoh lore of this kind in an article called ’*How and Why 
'Just &o’ Mythology m Ovid's Metamorpkosee,^* The Clamoal Joumalt 15 (1^) 
200*278 
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things IS shoAMi by an exjwiRnrt of an Amornan woman among 
Japanese girls 

You would Bimlp to nee their < uriosltv t tiiicerning int Ihcy think my waiBt 
IS very funny and they measure it with thflr hands and laugh aloud One girl 
asked me m all senousoess if I had pieces cut out of my sides, and another want^ 
to know if my hair used to bo black You see m all this big city I am the only 
person with golden tresses, and a green carnation would not ixtiUr more com- 
ment^ 

These girls could have made two good < tiologu al htones about this 
strange lady by explaining how or why her waist had been trimmed 
to its remarkable thinntss and what had c aused her hair to i hangc its 
color 

A Negro who dwtinguislu s bitwtcu “Ntgro” and “nigger” says 
that “A mgger’a a mean whiU man ” Htn , again, is potential ma- 
terial for a tale With the specification of an act of meanness whn h 
caused a white man to turn black, the se fe w words could be am- 
jihfied into a story 

KiVen among highly eivihzed peoples wo find material eapabh of 
being elaborated by a plastic mind At the beginning of the World 
War the Germans derisively called the Canadians “White Ghur- 
kas/’ ” but they went a little farther on the road to an etiological 
story when they dubbed Amc ncan Negro soldiers “Smoked Yankees ” 
Here it 18 humorously postulated that the Negroes had once been 
white and that they had been smoked blac k the only t hing lacking 
IS an incident or an accident to account for the smoking 

The name ” Black Semites” as used to designate the Danakil of 
French Somaliland might also have been employenl as a starting 
point for an luterc sting tale 

In a whimsical moment it oeeurrtd to Ilciman Mehille that he>ot 
e aused the blackness of Afneans, and he elaborated the idea 

I do deem it a most mc»inmg thing that that old Greek, Prometheus, who 
made men, they say, should have been a blaiksinith, and animated them with 
fire, for what's made in fire must properly belong to fire and so heU's probable! 
How the soot flies! This must be the remainder the Greek made the Afnoans of 

Little, Frances (pseudonym of Mrs, Fannie Caldwell Macaulay), ' 
of (ho Oeeoratum (New York Tlie Century Co , 1906) p 31 

Peat, Harold R , Fnvote Pool (Indianapolis The Hobbs Merrill Co , 1917), 

P M 

RtUtonal Geographic Magasawt 60 (1931) 364 
Mohy Dick, Chapter 107 
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Thi8 fanciful explanation of a change m color u not less strange 
than others made m all smcenty In Arabia the whiteness of strangers 
has been variously attributed to their rubbmg soap into themselves, 
to their hvmg entirely on milk, and to their dwelling m houses^ 
These thoones are as logical as those advanced by the Greeks 

Vu of Matenal Already tn Existence 

Doubtless some etiological stones were created out of whole cloth 
by a mngle individual, but m a number of them the final touch is 
merely a happy elaboration of material already available in the form 
of a basic idea or a superstition The folk imagination puts the cap- 
stone on the structure In the simplest stones a deity is responsible 
for the colors of the different races, )ust as be is responsible for the 
creation of man and of all life, with its countless attnbutes Other 
stones, however, are somewhat more involved 

In folklore the association of a black skin with evil is almost as 
natural as that of blackness and evil Even Topsy, the dullard 
Negro pukanmny of Unde Tom's Cah%% recognises the futihty of 
trying to overcome the handicap of a black extenor, for in answer to 
Eva's exhortation to her to be good she rephes Couldn't never be 
nothin' but a nigger, if I was ever so good If I could be skinned, and 
eome white, I'd try then " Chnstianity, however, found a way to 
make black souls white The Latin Church Fathers compare with 
Ethiopians those whose souls bad been black before conversion 
Aptly do we desenbe as Ethiopians sinners who had previously 
been hideous With darkened hearts"," ''Ethiopians are black 
Those arc called to the Faith who were black " " 

Inasmuch as the Ethiopians were supposed to have beend^ended 
from Ham " and masmuch as Ham had been guilty of wrongdoing, 

^ Van der Meulen, D , and Wiasman, H von, Som cf JU 

My^ierUt UwmUd (Leyden E J BHU, 1032), pp 23-24. See also the <iuotation 
from the first of these author^ PP 37-^ 

^ Ceseiodorui, In Ftoltonain, 78 13 (Migne, P<Urd lot , 70 531) Aetblopee 
bene peocatores advertUnus ^ul ante fuerant t^ebrosa znente deterrbni " 
H Augustine, In Psa&aum, 73 16 (Migne, PetroL Lot , 86 033) "Aethlopes 
enim nlgn sunt Ipsi vnoantur ad fidem qul nigri fuerant" Cf Ambrose, 
Ik ParadMOf 3 16 (Migne, PatroL Lot , 14 281) "'Quid autom abieettus nostro 
corporeT Quid tarn Aethiopiae slmtle quod etiam nignmi est quibusdam tenebns 
peocatorumf" 

^ A rather interesting l4ttin record of this traditioA Is Isidore, Xtym 0 2.127 
'^Aethtopea dicU a filio Cham, qui vooatus esi Chus, ex quo originem trShunt 
Chus enim Hebraica lingua Aethiope interpretatur " See also ihtd , 9 2 30 
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what was more natural than to ascnbe their blackness to the misdeeds 
of their ancestors? In antiquity curses wore popularly endowed with 
great power and could cause more evils than they do today, so that 
the idea that a curse could inflict blackness put no strain upon the 
imagination 

The tradition that Ham was punished with a dark skin because 
he broke the rule of chastity m the ark (see p 42) is merely a special- 
ised version of a superstition which was widespread in ancient lore 
la time of danger and during perilous undertakmgs continence was a 
precautionary measure St Ambrose was familiar with this idea 
from his pagan contacts, and undoubtedly believed m it, so far as 
the ark was concerned, for he enlarges upon it in his work De Noe ei 
Area “ Achilles Tatius often heard from expenenced seamen that 
chastity should be observed on ship, either because the ship was holy 
or because intercourse endangered it ** The orator Antiphon “ tells 
us that those who embark with unclean hands or otherwise contam- 
inated cause their own destruction as well as the death of worshipers 
of the gods** It must have been an ultrapious person who first 
associated the superstition and Ham We are told by Hesiod that 
the gods bnng trouble upon him who crosses a nver with hands 
unwashed of wickedness ** Is this the earliest and simplest form of 
the superstition? 

Not even the resourceful Ovid, whose naivete sometimes seems 
real rather than assumed, created the etiological part of the Phaethon 
story mdependently (see p 43) Others before him had explamed 
that the Sun had blackened the bodies of the Ethiopians by dnving 
his chanot near the borders of their land,* and it is not imposmble 

•• 31 76 (Migne, PaUvL Lai , 14 897) 

« 616 

** Oraaon«t, 6 82» 

** An Atneiiosn example of this superstition is given by Emelyn E Gardner, 
Fellkhreftom the Schoharie HiU»t New York (Ann Arbor University of Michigan 
Frees, 1987), p 79 **Dr Brink was once called to a ship on the Hudson that 
wottl^'t work He said 'There is somebody with evil m him aboard tbis ship ' 
He repeated this until finally a young man confessed that he had gotten a 
into tmuble and then refused to marry her because be didn't love her Dr Bi^ 
said that 1 m must leave the ship or be thrown overboard He refused to leave, so 
they threw him overboard And the ship was all right It never refused to work 

Worke and Daps, 740-741 

* Theodeotes, for Instanee, had done so See the passage quoted from Strabo 
on page 44. 
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that Ovid found in older vcrwons of his tale the conceit that Phaethon 
himself was guiding the tar when it approached the c ountry of the 
Kthioptans 

The tale told by the Florida Negro (p 39) may well have ansen 
from the suggestion of an actual miamterpretation of “Git back” as 
“Git black ” Momentous consequences have resulted from mis- 
understandings equally trivial 

A clever Negro who heard white persons speak of turning white 
thixiugh fear might easily create talcs about black men turning white 
(set, for example, p 43) In somewhat similar fashion the Indian 
tale in which a boy laughs till h< is black in the fai e (p 48) would 
set m to owe its existeine to a white man's phraseology,*^ if not to the 
white man himself 

Savages the world over have believed that by eatmg the heart, 
liver, or other parts of the body they lould acquire the courage, 
strength, or other qualities of an animal ** or a human bemg This is 
sufficient explanation for the blackness laused by eating liver and 
the redness from eatmg lungs and blood (see p 41) 

In the lore of many nations numerous virtues and powers have 
been asenbed to water, especially to miming water From Greek 
lore, for instance, we learn that the nver Crathis, near Sybans, was 
supposed to make yellow or wlute the hair of persons who bathed in 
it ^ We ourselves smg with spirit, “Wash me and I shall be whiter 
than snow ” It is not surpnsmg, therefore, that untutored peoples 
endowed water with power to change the color of the skm (see p 49) 

riu best of tlu Inchan stones were constructed upon the basis of 
myths and racial expenences The Indian assumed that h< tame 
from the earth just os naturally as Greek and Italian tnbes be- 
lieved themselves autochthonous Hence he thought that the three 
races with which he was familiar had originated from earth of different 
colors His habit of pamting his body would facihtate such reasonuig 

Since the first men were made of clay they had to be moulded and 

** In one idiom a become white ae a sheet ** 

^ We also speak of turning green with envy, purple with anger, yellow with 
jealousy, black with fury, and blue with cold 

For a good example m the classics see Por^^yrlus, De Ab$t%nenlia, 2 4S 

« Strabo 6 I 13 

^ According to one story, the Choctaw ^^oarne from the bosom of the earth, 
being made of yellow clay, and no men had ever lived before them " See Bushnell, 
as cited in note 40 
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bak( d Ah m the original oxponmcnts with vessels of this material, 
one was baked too little, another too much, and a third just enough 

We have seen that it is almost a constitutional matter for naive 
races to {xistulate the color of their own bodies as the original color 
of all mankind or as the culminating color Thty may go so far as 
to c reate gods in their own like ness Xenophanf s remarks that the 
anuent Ethiopians made tlwir gods blaik and snuh-nostd and that 
the Thrat lans represented theirs with blue ( yt s and red Jiair A 
similar attitude is manifested whtn an illiterate Negro of today 
preaches “dat de Great I-Am is a nigger and when Negroes m 
humble cabins punhase at exorbitant pruts Bibles wlmh have pic- 
tures showing black angels'** Highly ediuatcd nations also reason 
from the known to the unknown, but it is from ignorance and naivete 
rather than from ethnotentnsm that untutored tribes and races 
imagine that strangers of aiiotlu r color had ant cstors like themselves 

Univicrhity of Michigan 

XenophaoeB also says that, if horsen and oxen had hands and could paint, 
they would pamt their gods Uke horses and oxen Sec Burnet, J , Early iheek 
Ph%lo»o/phyt Third Edition (lAindon A and C Blatk 1020), p 119 

•• Peterkin, JTuha, Black April (New York Grosset and Dunlap, 1913), 
p 249 

” The Atnencamzaiion of Edvnrd BoK (New ^ ork Charles Scribner’s Sons, 
1922), p 141 




DATED INDIAN BURIALS IN MICHIGAN 

GhORGE I QUIMBY Jr 


T his pap<r tncompaasoM those facta whuh are i^ertinent to the 
significance of Indian bunals of the histone period in Michigan 
and to their dating by means of trade objects associated with them 
Unfortunately, littJc attention has lieen paid to tins subject, which 
may provide links between history and prehistory, and the docu* 
mentation accompanying museum collections is extremely meager 
In addition to establishing such links, this study may offer social im* 
pheations of an accultural nature 


I 

In 1921 an extended skek ton of a young adult male ( 0 was ex- 
cavated in a gravel pit one mile west of Tocumseh, in Lenawee 
County ‘ The lower quarter of the left ear has been preserved by the 
Sliver sulphide precipitated from two silver carbobs suspended from 
the pierced ear lobe Associated with the skeleton were eight silver 
ornaments and a small ovoid glass mirror * One of these silver onia- 
inents is illustrated in Figure 9 

Artifacts of native manufacture are a mcdium-siaed ovate, narrow, 
straight-base, chert projectile point with a straight to slightly con- 
tracting stem and a receding shoulder * (Fig 8), found witbm the U ft 
chest of the skeleton, and small tubular shell beads among which, 
irregularly spaced, W(re the pierced metat>odials, astraguli, and 
Caicimeum of a cottontail rabbit (SylvthguB flortdanm mearmt) 
Some of these bones are covered with red ocher (Fig 11) 

On the basis of datable trade-silver artifacts the earliest posRible 
date for this particular bunal \h between 1784 and 1810 The silver 

* Cat» No 8 15^106, 5427 6428, Museum of Anthropology, University of 

Other artiolee in thin museum will be cited by caUloKue numbera only 

* Other ornaments have been described and discussed m another paper by 
George ! Quimby, Jr, '‘Notes on Indian Trade Silver m Miebigan/* Pap 
Afi^ Acad. Bet , Arts, and tetters, 22(1936) 16-24 1987 

* Coe, joffre h , University of North Carobna, “Classification of Chipped 
SUma I^ieoiile Points “ (/n nianuscr*pf ) 

68 
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IS probably all of Rntish ongin ^ The projectih i)omt, whuh may 
possibly ha\e l>ecn the < ause of death, was doubtless only secondarily 
associate d with the skt 1( ton 1 he only artifact of nat i\ e manufacture 
which i ould bf attributed to this particular Indian is a shell and tionc 
necklace with the r(d ocher 

II 

Near th< center of 8<< tion 4, Clinton lownship, liCnawce County, 
the bunal of a young ailult female was found in 192 i by the highway 
dcpartimiit m the loursc of road construction*^ Unfortunately no 
information is availabU concerning the jiosition of the skeleton 
Accompanying the bunal were a pew Ur tcasjwon and two silver 
armbands in a fragtm ntary condition 1 he latter were stamped with 
th( Roman Utters 'AS' in a rcetangular cartouche 

This fouchmark is not identified, but thus far there have been 
found in Mulligan no silver objects manufactuucl before 1780“ 
hurtlu imore, the earliest documentary cvulencc dealing with the 
manufactuK of Indian silver ornaments is dated 1760 It is quite 
unlikely that this Indian was buried before 1780 

III 

At the Furton site m St Clair C-ounty, about five miles south 
of New Baltimore, erosion al forces recently exposed a burial in 
the sandy bank along I-akc St Clair ^ Information conctmmg the 
skcictai material is lacking, but associated with the bunal were the 
following objc ( ts a brass tomahawk pipe, an iron sinke-a-light, an 
iron knife blade, a white clay trade pipe with ^TD' stamped upon 
the sti m side of the bowl (Fig 1), a silver crown, sixteen immature 
round silvc r brooc lu*s, and a medium-sized, double-haired siKer cross 
made by Rolxrt C^ruickshanks of Montreal (Fig 6) Also one |K)t- 
bherd, gnt-tcmjiercd and with a c ord-wrapped paddle unproswon, and 
a fragment of deer mandible (Odormleus tnrgtntcntut borealtif) were 
found, but these probably were uuluded m the fill of the grave and 
may be manifestations of an earlier occupation 

To judge from the identification of the mark upon the silver cross, 
the earliest possible date for this bunal is between the years 1781 
and 1809 

* Quimby, op cU » Cat No 898 • Quimby, op eU 

GdJmzbam, Harrold > , ‘ Isdian Silver Ornamcots,’* Penna Mug of Nto- 
livry and Biography, 68 97-126 1934 < FieW Cat Noa F9-F20 
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I\ 

In 1923 workmen extavatmg for a ceJlar on the (’'aptain Smith 
farm on Harsen's Island in Lake St (^lair exposed several Indian 
bunals in a gravelly knoll No data on the position of skeletons m the 
graves are available ^Vlth one of these bunals wtre associated the 
following objects ** two badly patmated basal parts of pewter vases, 
two small brass pots, two gunflints, a btli-shaped brass nozzle, 
threaded at the base and filled with wood, a doubk -barred silvt r 
cross, a brass braei let (Fig 10), and a Stic gal glass bottle with dc c ora- 
tions painted in white, black, green, yellow, red, and blue enamel 
(Fig 14) With this burial were included an ovoid iinplemtnt of 
rcMidish chc^rt and a wooden spoon witli a bird carved on the handle 
Hemrieh Stiegal of Manheirn, Pennsy)\ania, the first to produce 
in America glass so decorated, made his enameled glass between the 
years 1772 and 1785 “ There fort the earliest possible date for tins 
burial falls sometmie between these years Supple me nt ary e v idem e 
for this date is the presence of the silver cross 

The only artifacts of native man ufae tore associated with this 
bunal are the wooden spoon earved on the hanelle and the chipped 
reddish chtrt implement It is possible that the inijiknu nt represents 
an older occupation and was accidentally included in the graie fill 
instead of having laen intentionally placed theie, like the other ar- 
tifacts 

» Cat Noh 740 752 

Thus bottle is 16 2 (to In height, 13 t cm bam* t^o shoulder, 6 ( m fa(« to 
face, and 7 4 cm wdo to aide It ib sk tagonal in cross section, owing U> four 
bevel like areas connecting the two aidea ami faces bncloaed within an egg 
shaped outline m yellow on either faw is a white dove aurmounting a yellow 
cross shaped twig nsing from olivi green fohage On eac h outside edge of this 
border are white friUa At the top m a solid given circle from whuh radiate 
leaves of rexl and white, yellow , blue and white, and red A similar design is at 
the bottom of the oval frame Ou either side is a floral motif consiHting of a 
vertical white stem with leaver of rod and white red, yellow, anti blue and 
white arranged symmetmally on both sides of the stem Surmounting the 
stem Is a three-petaleel oUvo-green flower Ihe same design, white fnlls and 
yellow leaves, appears on all four of the short interfacial "ide areas I* n(.iroling 
the shoulder area is a band of blue reheved by white dots and curved lines 
Occasional parts of all the design motifs are sharpened by black lines The pon 
til mark & eUiptual and surrounded by units of parallel curvilinear grooves, the 
whole having been somewhat smoothed over 

The bottle top is of lead or jiewter and may luive been gilded It screws on 
a fitting of similar material fastimed to the upper rim and hp of the bottle 
“ jRnlttle, Rhea Mansfield, Early Atnertean Gla»$ New York, 1927 
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In a sandy beach ndge along the shore of Lake Michigan between 
Cross Village and Goodheart m Emmet County Mr L P Rowland 
between the years 1876 and 1900 excavated several Indian burials 
Unfortunately he kept only a general record of hw findings and, con- 
sequently, a number of his bunals must be treated as one unit 
Further, because of lack of documentation only a proportionately 
small number of objects represented m his large collection may be 
definitely attributed to these bunals From one of these graves came 
the skeleton of a woman 

Associated with the various bunals were sixty-three marked silver 
ornaments, at least fifty of which were made in Montreal, one m 
England, and two in the United States These ornaments were man- 
ufactured between the years 1780 and 1810 Therefore, on the basis 
of the silver, these particular bunals would have an earliest possible 
date between 1781 and 1810 

Since the area including Cross Village and Goodheart has been 
continuously occupied by the Algonquian-spcaking Ottawa and 
Chippewa or Ojibwa tnbes since 1741, it is quite probable that these 
bunals may be attnbuted to them ^ That they were allies of the 
Bntish IS certainly reaffirmed by the amount of Bntish silver present 

Native artifacts associated with these burials are as follows five 
square thin cathnite beads, a small skin bundle filled with vermilion 
paint (Fig 7), a plain and rather crudely carved wooden spoon, a 
small ovoid wooden bowl (Fig 2), and a fragment of a shell gorget 
with a countersunk perforation (F^ 4) 

Trade objects Other than silver associated with the Cross Village- 
Goodheart Imnals are three copper or brass pots, two of which have 
iron bails, large quantities of colored glass beads, and several fri^- 
raents of cloth Identification of matenals and weaves showed 
three types (1) a brown woolen broadcloth of plain plaiting some- 
what felted , (2) a dark wool cloth of twilled weaving (two strands 
over and two under) , and (3) bhie material with a weft of linen and 
a woof of talk The third type of weave is now called ^^grosgram^' 
and is used m making ribbons 

Cat Nos m, 1083, 1036, 1039, 1064, 1055, 1057, 1058, lOSO, 1003, 1007, 
1071, 1083, 1087, 1110, 1130, 1139 

^ Greetunaa, B F , ** History of the Indiana of MKbigan (/a manMcript ) 

Identification by Volney H Jones, FthnoboianJral Laboratory, Univoraity 
of Bdiohigan 
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VI 

In 1900 a bunal was exrsvaU d by graders at the sjte of the present 
post office m the village of Franklin, Southfield Township, Oakland 
County ^ The skeleton was in a flexed position, and the following 
trade articles were associated with it a bone-handled jackknife with 
a single blade, an iron tomahawk pipe, a silver armband with the 
stamped Roman letters *CG* m a square cartouche, a silver arm- 
band with a snake engraved upon the face, manufactured by Robert 
Cruickshanks of Montreal, and two silver hair plates made by the 
firm of George Homing and William Cha^ner of London, England, 
1781-82 « 

Additional artifacts found with this bunal were a shell gorget, 
a polished stone celt, and three medium-sized ( hert projectile points 
The shell gorget is ovate, it is curvate in cross section In the 
upper third of the gorget at each side are perforations which are 
countersunk 

The shapes of the projectile pomts vary On< is narrow and tn- 
angular^ with a straight base and a contracting stem (or comer 
notch), the second, broadly ovate, with a convex base and a con- 
tracting stem (or comer notch), the third, narrow and triangular, 
with a straight base and a slightly contracting to straight stem 

Identification of the manufacturers of the accompanvmg trade 
silver places the earliest date for this bunal between the years 1781 
and 1809 The presence of the native artifacts is of particular interest 

Vlt 

On the fann of Minr r L Cook, near (kxik^s Bndge in Cascade 
Township, Kent County, the skeleton of a young adult female (?) 
was excavated from a gravel pit some years ago ” Itoiide the skeleton 
were a small copper kettle, a badly patmated iron stnke-adight, 
small white glass beads, a pair of iron scissors, heavily encrusted, 

^ Artlfftota asBocisted with this burial are m the Detroit Hiftorical Society 
Museuin. 

** The tourhmark, 'GH’ over in a square cartouche, wae teatativety 
identified by John Mar^iaU PhiUipe, Gallery of line Arts, Yale Univenity 
This identlmtion was tentatively auggeeted by Mr Harrold E. GUUn^^ham of 
Germantown, Fa. Sketches and a wntten description of this mark were sent 
by letter to these two men. 

^ Cat Nos. I12fififi-U2674 m the Grand Rapids PubUo Museum (formerly 
Kent Scientific Institute) 



68 George / Qutmby^ Jr 

four w<> 0 (I(n button molds, miniature round 8il\<r broothes, and a 
rncdium-sized double-barred silver cross, stamped iMth the Roman 
lettt rs (yG' in a scjuare cartouche 

Artifacts of native manufacture are a Iour, flat, curved bone 
IK f die, and the Ixine handle of an iron awl Tht bone neeille is about 
nine inches long, a half inch wide, and an eighth of an inch thick 
Near its middle is a drilled hole, eountorsunk from both sides Om 
edge of tlu proximal end has three closely spaeed shallow erenulations 
The bom handle bears a decoration of incised straight hms obliquely 
jilaetd, ngbt to left and left to nght, joining at eaeh (xtrcmity 
Be( auw of the presence of trade silver ornaments \i is reasonable 
to assume that the earUeijt date for this bunal falls between 1780 
and 1815 


VIII 

On the north side of Dowagiac Creek, about one mile east of its 
juiution with the 8t Joseph River (near Niles, Berrien County), a 
histone bunal was exposed in a sand ridge dunng the excavation of 
a ( ellar m 1935 ** Thrte skeletons tame from this ndge One of an 
adult female C^) lay in a flexed position At its feet was a large brass 
kettle with an iron bail, and in its left hand was a polishtKl stone 
pipe AshCKiated with this skeleton and to the east was that of a 
fluid with which wen buried a number of miniature round silver 
brooches, two small brass “jingle bells" (>ig 3), and a large iron 
Mjioon Information about the position of the <hild's skeleton is 
larking Vliout w ven feet southwest of it was the extended skeleton 
of an adult female (?) Lalioratory examination revealed fragments 
of trade cloth adhering to th< Ixmes 

The jiolished stone pipe with the female ( '^) skeleton is typolog- 
leally related to the white clay trade puxs The bowl extends 
obliquely from the stem, and at the bottom of the bowl la a spur 
(Fig 5) It is intcreMmg to note the retention of a native technique 
and its a])phcatiou to an introduced form 

Although Kuroiiean forms of pipes to whuh the stone pipe is 

» See note 6 
« Cat No» 459(M6&9 

*** Mr Peter Brannon, of Montgomery, Alabama, has noted ftitnflar examples 
from histono bunab) m the South (eg pottery kettles so faithfully executed 
after the European form that they have even the reinforcements with nonfunc 
tional rivets where the bails are fastened) 
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related typologically may have been t n in this region at a much 
earlier time, the preBence of the numatun round silver brooches 
suggests that the earliest jHismble date for this bunal is between 
1780 and 1815 


1\ 

During landHcaping oiierations in tin Ktati Park, West Alh« 
Township, m Presque Isle C ounty north of Onaway (southeast shore 
of Black Lake), a number of histone burials wen ex< avatc d in 1034 
Because of insufficient data these burials must lie taken as one unit 
Sktktal material includes bones of males and fc males, young and 
middle-aged adult Associated with these butials were nine silver 
ornaments, fragments of copper kettli s, a badly encrusted jackknife, 
three heavily pat mated iron knives with wooden handles, one gun- 
fiint two fragments of strike-a-hghts, colored glass beads of various 
shapes, sizes, and colors, one white clay trade pqx* with bowl extend- 
ing obliquely from stem and spur at bottom, fragments of plam- 
plaited (somewhat felted) brown woolen broadcloth and gncn-blm 
plaited silk, and a small rectangular mirror Then were no artifacts 
of native manufacture associated with these bunals 

Again on the basis of the trade siher ornaments, the earliest 
possible date for this burial is probably between 1780 and 1815 

X 

In 1922 a very jioorly doe umenttMl bunal or bunals ( ollected from 
an unknown site in I^eelanau County revealed the following trade 
artifacts ” two iron knife blades, badly encrusted, three fragments 
of white clay pipe stems of European form, one of which has a green 
glaze, one iron needle, a fragment of a medium-sized brass sleigh bell, 
one fragment of gre*en pressed glass (tig 16), one fragment of blue 
and gold lusterware (hma (Fig 13), the basal part of a glass bottle 
which has a rough pontil mark (Fig 15), a large fragm* nt of a mul- 
berry-colored Stafifordshire teapot (?) (tig 12), and a number of 
blue glaas beads 

Artifacts of native manufacture arc one de^er antler projectile 
point, a fragment of charred bone with an incised crosshatched de- 
sign upon it, a large piece of worked antler, and a fragment of a stone 

»> Cat Nob 4fi01-4603 4722-4724 4734-4736,6411-6420 
« Cat Nob 124-127, 1369 
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pipe bowl PoBSibly these artifacts arc camp or village refuse from 
a previous oecupatiou which was accidentally included m the grave 
fill Since there are no data concerning skeletons or positions of 
skeletons, or relationship of artifacts to the bunats, very little trust- 
worthy mfonnation can be secured in this case 

Using for a chronological aid the mulberry-colored fragment of 
Btaffordshire-like chma which has an oriental motif for decoration, 
one finds that the earliest possible date for this burial would be 
c 1830, for it was not until then that the P^nglish potters had access 
to the lithographing process which enabled them to pnnt cheaply 
colors other than blue *• 


XI 

In 1035 ( xcavations by a farmer on his land west of Port Austin 
in Huron County revealed several bunals of the late histone penod ** 
Accurate information concerning the skeleton is lacking, but associ- 
atcxl with this bunal were the following trade artifacts eleven gun- 
flints, the fragments of a flintlock gun, including lock, barrel, and 
Qennan silver fittings, two lead balls (shot), a number of small glass 
beads, and fragments of brown, plain-plaited, woolen broadcloth, 
somewhat felted 

None of the trade artifacts give any clue to the date of this bunal, 
but in a letter to the Museum a very old lady who was an early 
settler m the region claims that this was the bunal of the ''Cheaf/' 
and that he died m 1862 She claims, further, that her mother, the 
local missionary at that time, preached the funeral sermon, and the 
**Cheaf'8** first gun, a fiintloek, was buned with him ** 

The skulls from these Indian bunals of the histone penod, taken 
as a group, are round The range of the cephahe indices is from 
78 15 to ^ 64, and the mean cephalic index for the group is 82 19 
The skulls as a group are hypsicranial (high-vaulted), and the eye 
orbits are of medium proportions (mcsoconch)* The nasal propor- 
tions are variable, some mesorrhine, one chamaerrfaine, and some 
hypochamaerrhine All the skulls are undeformed ^ 

** Camebl, Ada Walker, The China Booh New York, 1916 

>* Cat Noe 472(Mm 

^ Her claim is not beyond the realm of poeaibjility, and I include it for what 
it may be worth 

" On the baaia of limited cranial measuremeBta and obaervatlona made by 
Mr Oeorg Neumann upon akuUa Noa 159* 591, 7S4, 898, 1268, and 4722'"4724 
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BUMMART AND CONCLUSIONS 

The dates of manufacture of the various kinds of trade objects 
found ixi Indian bunals of the historic period in Michigan give a 
reasonably accurate clue to the earhest possible dates for these bun- 
als Use of this method reveals that such dates for most of the burials 
studied are between the years c 1780 and 1815, although it is possible 
that any one of the burials occurred at a mmh later time Some 
burials seem to have been made at least after 1830 

Identification of the place of manufat ture indicates that most of 
the trade objects were of Bntish ongin, and probably lielonged to 
Indians who were fncndly toward thf Bntish This is apparent 
from the silver ornaments alone, since both Americans and Bntish 
used silver for gifts and for trade There is the possibility that the 
silver may have been captured from the Bntish by Indians fntndly 
to the Amencan colonists, but if this is so, one would expect to find 
in the bunals a reasonable proportion of silver ornaments manufac- 
tured in the United States Therefore it seems that most of the 
bunals reported ujiun in this paper belong to Indians who were well 
disposed toward the Bntish throughout the period from 1780 to 1815 
The tribes in Michigan which fit into this category are the Ottawa, 
the Chippewa, and the Potawatomi ” Documentary evidence indi- 
cates that the Ottawa and the Chippewa ociupied the Emmet 
County site previously mentioned 

Some of the burials of this period contained artifacts showing pre- 
bistonc technique and form, and one burial had an artifact which 
illustrates prehistonc technique applied to a histone European form 
All the bunals had trade objects, although the cultural i>attem of the 
bunal itself was prehistonc This culture pattern was so widespread 
and its manifestation so general dunng prehistonc times that there is 
little chance of identifymg the tnbe by means of the position of the 
skeleton and the relationships of artifacts within the histone bunals “ 

Mr Nsunuum pointed out that skuUa Miociated with trade materiale la the 
uppcff levels of the Flsbor Site, Will County, lUmois, also conformed to th» type, 
and bad tentatively been identified as Potawatomi by means of the direct his- 
torical method AU the trade silver from this site that 1 have examined at the 
Department of Anthropedogy, Umverslty of Chicago, was made between 1780 
and 1810 

* Xncydapa^dha JSrtionmos, Eleventh Edition, XU fiftSa 
^ QrlAn, James ''Aboriginal Mortuary Customs in the Western Half 
of the ^ortbeastefti Wo^mnds Area " (/n pianwteripi ) 
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Ethnological Btudies of pnmitive peoples m the process of culture 
change and archaeological investigations of histone sites ui other 
regions have shown that> with the type of contact which occurred 
between Indians and white groups, the abonginaf technological cul- 
ture changed before the social culture The facts prtsented in this 
study, namely, that grave furniture of white inamifai ture was sub- 
stituteil for native grave furniture, although the cultural concept of 
placing objects withm the grave remained the same, agree with or 
conform to the results of studies inadt m other areas further, 
there is the possibility that old te<‘hniqucM were employed in produc- 
ing new forms (in the technologw al culture) w hen these forms, oih e 
havuig been observed, were not availabit to an individual 

Considerable work in this subject remains to be done m the lab- 
oratory as well as in the field In addition, there exists the strong 
probability that links lietwcui history and prehistory will be dis- 
covered tlirough such a study Ihen is also the jiossibility of rt- 
vealing facts of interest in the study of continuous fiist-liaiid contact 
l>etween ^ups possessing different ( ultun s 

TTmvfksitt of Michkian 
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CULTURE TYPES AND (^ULTURE AREAS 

IN SOUTH AMERICA 


DAVID B STOUT 

T he piirix)»e of thw paper w to gi\< a bruf sketch of each iyjH 
of culture indigenous to South America and to consider the 
areainwhuh it occurs The emphasis throughout has been placid 
on classifii alien, for then has been no attempt to determine centers 
of distribution from which cultural traits and trait-complexes ha\e 
diffused Rather, we should regard this as a elassifieation of basic 
culture types, each of which may be subduuled by ronsidenng the 
distribution of more traits and trait-eomplexi s The numlier of 
types of culture, nini., Mas arrived at afti r a survey of thi literafuri 
had been made and the oeeurrtnee of traits had been noted To 
this information were added the n suits of previous distnbutional 
studies by other workers in this field Limitations of space do not 
permit a tompletf characteriEation of each type, henci only the 
most salient features are iKiintcd out Tlit atcoiupanying map 
(Fig 1) gives the location of several typical tribes and the approxi- 
mate boundarits of each tultun type The boundantsare not to be 
interpreted as marking sharp breaks in type of culture, but, rather, 
as marking aoncs of tnuiHition Early extinition of many tribes and 
poor information also add difficulty in determining the extent of sev- 
eral of the culture tyjx s 


I ONAK 

The Onau tyjic of culture takes its name from the principal 
tribe, the Ona, inhabiting the northern and eastern portions of the 
island of Tierra del Fuego Ihe only other tnbo of tins culture 
type 18 the Haush, now extinct, which was closely related linguis- 
tically, somatologically, and culturally These two tnbes have been 
callecl "'Foot Indians/^ and properly eo, for they possess neither 
hordes nor canoes The economy of this culture is based on hunting, 
gathering, and fishing Their principal weapon ts the bow and arrow, 
which they fashion with great skill and care In fabneatmg an 
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arrow six of the fourteen materials and seven of the mne tools known 
to the Ona are used It is employed almost exclusively m wars, 
feuds, and duets Other weapons are crude spears and, occasionally, 
slings 



I* 10 1 South America, showing the location of the nine ^ ctdtora 


The chief food is guanaoo meat, thouj^i foxes, seals, eels, fowl, 
shellfish, roots, and bemes are hunted, trapped, or inhered. Clothing 
IS made untanned guAnaco skins, eeve^ of which are sewed to- 
gether and worn mantle-fashion with the fur cade out Moooaams 
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are faahioned of guanaco akin and stuffed with grass Shelter is 
afforded by a crude windbreak of skins stretched between trees or 
lashed to poles Fire is generated with flint and pyntes 

Aa a consequence of their hunting and gathenng activities the 
social organisation is loose, it is composed of a number of bands, 
each of which exploits its own territory running from the mountains 
to the sea These bands are exogamous and are led by a chief whose 
powers are not very well defined Monogamy prevails, though 
polygyny is pennitted for those who (an afford it Descent is 
patnhneal 

There is a distinct pattern of modesty, for even a successful 
hunter docs not boast of his kill Neither is it proper to show ex- 
citement at wrestling matches or to gneve in tlie event of death 
All young men pass through an initiation period that lasts several 
years The imtiators wear painted bark masks that represent v anous 
natural spirits Religious behefs center about a great number of 
good and bad spirits, which mhabit all natural objects Shamans, 
usually male, control these spirits, prophesy, and cure illnesses 
Bunal IS simple inhumation 

Onan culture may be regarded as a survival of the onginal culture 
whu h once probably spread over the whole of southern South Amenca 
east of the Andes The languages spoken by the tnbes of this type are 
related to the Tehuelche language north of the Straita of Magellan 

U PAMrOAN-PATAOONlAN 

The area extending from the Andes to the Atlantic Ocean and 
from the Straits of Magellan to approximately the 30th parallel of 
latitude was inhabited by a number of tnbes, all of whom possessed 
a considerable degree of cultural sunilanty Many of them were 
early exterminated, though remnants of some still exist in the 
southern part of the area Languages of four hngmstic stocks are 
or were spoken by the peoples of this culture type Chamian, 
Puelrhean, Araucaman, and Tehuelchean 

The nomadic mode of life led by these tnbes was intensified 
with the advent of the horse m the early sixteenth century They 
five in movable shelters made of iudea and short poles Most of 
their hunting ia done on horseback Guanaco dnves are organised 
and led by the band chief The principal weapon is the bolas, which 
is used to bring down the hunted ammals They are then dispat< bed 
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with a spear Bows and arrows are also us<h 1, hut the arrows are 
earned in the headband rather than m a quiver Ostriches, berne^, 
seeds, and fruits are among the other foods Guanaco-skin capes, 
painted on the hairless side, and boots made of horses* hocks are 
worn Woven hea<lbands are the limit of textile manufacture 
Though these tribes once madi pottery th^y do not now, owing 
to tiuir many movements on horseback, which rendtr pottery im- 
praclicahle The fire finl! is used 

In time of war a number of bands fight under the leadership of 
a head ihief, but these alliances dissolvt as st)on as the need for 
them has passed There is httle elaboration of the social system, 
the general pattern of whn h is the same as that of the Onan cul- 
ture Shamans practice medicinal bloodletting and have a rattle 
as part of their equipment Bunals are not the simple inhumation 
of the Onan type of cullurt , but are covered with stone caims 

The tnbcH in the northern part of the Pamp<an Patagonian area 
have been influenced by the more complex cultures of the Chacoan 
peoples Thus there are here a fea minor traits, such as the sub- 
stitution of mats for skins m the covering of shelters, greater usi of 
tattooing, lip, ear, and nose plugs, finger mutilation as a mgn of 
mourning, basketry, and a greater practice of weaving and pottery 
making 1 he occurrence of these traits in the northern part of this 
(ulture type does not, however, change the essential nature of the 
culture of these tribes 

On some of the islands of the ParanA delta there once dwelt a 
tribe which praiticed agriculture, hvtd m permanent houses grouped 
m villages, and was cannibalistic , and thus represents the issouthern- 
most extension of aboriginal agriculture east of the Andes This 
tnbe 18 not a part of the Pampean-Patagoman culture type, but 
rather belongs with the Amaaon-Gnnocoan type, which Hill be dis- 
cussed later Some of the inhabitants of the Pampean-Patagoman 
area were of relatively recent arnval, for they crossed over to the 
eastern side of the Andes from the west and adopted the nomadic, 
horse-ndmg culture of this culture type 

in MACIEI LATflC 

West and south of the Andes, from Chiloe Island to the Fucgian 
Archipelago, there live three tribes whose culture is markedly dif- 
ferent from that east of the Andes Tbejsie are the Cbono in the 
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north, the Alacaluf farther Houth, and the Yahgan m the extreme 
souti) All dwell on the numerouH small islands or on the coast of 
the mainland haeh tribe belongs to a separate lingmstic stock 
Here also the social organization is relatively simple, being based 
on himted families which are grouped into small bands led by a 
chief with little real power Marriage, which is exogamous for the 
bands and endogamous for the tribes, is usually monogamous though 
sometimt h polygynous Descent is patniinea! The Magellanic type 
of (ulture (liiTirH mostly in resj^it to its uonomy and technology 
Almost all food comes from the sea, it iiu hides fish, seals, limpets, 
shellfish, and sea otters io sKure thiir food tlwy employ five 
kinds of spears and harpoons, nets, and bark canoes The canoes 
an (quipped with a fireplace fhe bow and arrow is little used 
among these Iribes sirue dependence is placed on the harpoon and 
the s^iear Slings and clubs are also a part of their material posses- 
sions Baskets of s(veral types are made, some of whwh have a 
very intniatc wcavi , other tontaintrs arc fashioned of bark or ^ins 
Several practices also serve to distinguish these tribes from those of 
the two foregoing areas 1 hesc are abortion and infaiiticuh , which 
arc friquent, premantal laxity, which is (ommon, and bathing of 
mother and child soon after childbirth 

Ihere are a few Araucanian influences in Chonos culture, but 
they are not strougly developed and do not alTict the essential homo- 
geneity of Magellanu culturi Ihese are as follows sonn maize 
and i>otato growing, maize (hicha, the plank boat, fiber and bark 
clothing, and rudimentary slavery 

IV ARAUCANIAN 

On the western slopes of the Andes from Cluioe Island north- 
ward to the Rjo Maule there oecurs a type of culture quite diatinct 
from those surrounding it This area is inhabited by several tribes 
who speak languages belonging to the Araucaman stock The low 
passes m the mountains permitted several tribes to cross the Andes, 
in histone times, to the Pampean Patagonian area and to adopt 
that mode of life These tribes were mentioned m connection with 
the latter culture type and bear little relation other than hnguistic 
to the tnbes and culture of the Araucanian area 

The tnbes of this culture type are remotely related to those of 
the three previous ones. Though the same general pattern of social 
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organization prevails here also, there are additions Each village is 
ruled by a chief whose office is hereditary and who is advised by a 
council of elders There are also a tnbal chief and a war chief 
Agnculturc is practiced here, and maize, bean*i, and qumoa are 
grown The introduction of horses and cattle served only to in- 
tensify the practice of animal husbandry, for tiic Inca had pre- 
viously introduced llama breeding Fishing is extensively practiced 
on tbt coast, whereas agnculture is an important factor in the hfe 
of the inland groups Pifton nuts were once gathered in large quan- 
tities each season and were a staple food for many of the Araucaman 
people Chioba and maize beer are used m great quantities 

Cooking IS done in earthenware pots, winch are made by coiling 
and modeling with the hands and a spoon-shaped stick Finer 
pottery is glazed, or moisod and inlaid with white clay and rofired 
Wooden bowls and spoons are used m eating Habitations are 
rectangular wattle and daub huts with thatched roof, or, m the 
southern part of the area, plank houses Water transport is by 
balsas, dugouts, and plank canoes 

Most clothing 10 of woven bark fiber or wool It consists of a 
breech cloth and a poncho for the men and a mantle for the women 
The Araucanians learned metal worlong from the Incas, and they 
still practice it expertly in the fashioning of silver omanvents Face 
and body pamting occur to a considerable degree 

There is present here a well’^developed pattern of orgamzed war- 
fare, which baa its beginnings far in the past These tnbes repelled 
the Conquistadors and, later on, successfolly opposed the Chilean 
government, until they were finally subjugated m 1882 Even the 
Incas were unable to make many successful inroads mto Araucanian 
territory Weapons consist of bows, spears, sbngs, and elbow clubs 
Arrows were at one time poisoned Hide helmets, coats, and shields 
serve as annor Captives of war were formerly tortured and killed 
Ceremomal cannibalism and slavery were also once practiced. 
Dealings with the supernatural are earned on by divmers, sor- 
cerers, and exorcistSf of whom iho last group is the most important 
They cure by bloodletting, mampulation, and chantn^ Their equip** 
ment includes drums, rattlee, and fiutes At one time sitting buna! 
and um buruJ were both practiced, though coffins are now used 
The Araucanians beheve In a group of malignant ddties, who are 
greatly feared and who are propiUated m tunes of stress 
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V PRHUVIAN 

T!»e Peruvian area, the best known of all m South America, was 
populated by a number of different tribes who spoke languages be* 
longuig to several different stocks There was, however, a political 
hegemony established by the Qucchua-spenkmg Inca tnbe dunng 
the four i^entunes preceding the Conquest It w the culture of this 
period that we sliatl consider typical 

Peruvian economy was based on highly developed agmulture in 
which terraced irngation, fertilization, and spades were employed 
The pnncipal crops were maize, qmnoa, potatoes, and beans, and 
ui the moiater valleys manioc, tobacco, cotton, various fruits, and 
coca were raised The llama and the alpaca were bred for their 
meat and wool and were also used as beasts of burden Guinea 
pigs, dogs, and ducks were also bred Hunting was regulated so 
that the natural supply of animals would not be exhausted The 
weaixins were spears, atlatls, clubs, slmgs, bolas, and blowguns 
Fishing was done with nets, poisons, harpoons, and lines 

The lower classes dwelt m small one-story, rectangular huts made 
of adobe, stone, or wattle and daub Officials had more capacious 
and elaborate homos, though these, like the huts of the lower classes, 
had thatched roofs The men wore a loin cloth and a poncho, the 
women, a blanket fastened at the shoulder with a pm Both sexes 
wore capes and sandals or shoes Personal decoration included tattoo- 
ing, body and fac( painting, and metal ornaments of great variety 
Stone, wood, and motal working were highly develoiied, as were 
weaving and pottery making Aqueducts brought water for irriga- 
tion Travel was fanlitated by excellent roads, suspension bridges, 
and balsas Each family was allotted a stnp of land sufficient to 
support il In addition, the men worked communal lands for the 
religious and state officials, served m the army, or aided in the con- 
struction of public works 

The social and economic unit was the family, which, m the lower 
classes, was formed by a monogamous mamage One hundred 
faitoilies constituted a **olan These clans” were grouped into 
phratiies or “tnbes,” which m turn formed provinces and quarters, 
all of which had officials at their head The whole system culminated 
in the Bapa Inca, “Son of the Sun ” There were also a number of 
social classes, each with its own duties and pnvileges All males 
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^ero placed in one or another of ten age grades, eacfi with its par- 
ticular statuses and r^les Inheritance was patrilineal m some parts 
of the empire, matnlineal m others Censuses acre taken at regular 
intervals, the records of which were kept on (piipus 

The religion was a combination of animistic, totomistn, and 
fetishistic beliefs, upon which the ruling Inca class superimposed the 
state religion, which revolved about the worship of the sun, thuncier, 
and the moon Sacrifices of all sorts were made to these deities, 
and temples were built and mamtamed throughout the empire by 
an organized priesthood The dead wert flexed, wrapped in leaves 
and cloth, and placed in pits in the ground or in caves The mum- 
mification that followed was natural, owing to the dry climate, 
though there is some evidence that artificial mummification was 
practiced Fexid, implements, and personal possessions were plaeed 
with the (lead 

The Peruvian culture type* includes also the Diaguite (or ( al- 
ehaqui) einhzation of northwest Argentina and the Atiieama civiliza- 
tion of northern Chile In these the basic pattern of life was the 
same as m the Peruvian highlands, though the high degn^e of e om- 
plexity of social organization was not present Ihe Diaguite civili- 
zation contains a greater variety c>f copper and bronze objects than 
that in any other part of the Peruvian culture type The Atacama 
civilization made a greater use of bone in its manufac tunes The 
bow and arrow, relatively uncommon in Peru, is frequently found here 

Ecuador also was tht seat of several cu iJizations, all with much 
the same ceonomic base as the three just mentioned Most of the 
Ecuadorian tnbes of more complex culture were included in the 
Caras confederacy, whnh was annexed to the Inca empire shortly 
before the Conquest Stonework, pottery making, weaving, and 
social organization were not so highly developed here, though marly 
all the basic features of the Peruvian culture are present 

VI CHIBCHAN 

The Chibchan culture was located in western Colombia and was 
largely confined to the high mountain valleys and plateaus The 
languages spoken there nearly all belong to the Chiboh^ stock 
The center of the Chibchan domitiion was Bogota, in the upper 
Magdalena River valley 

As in Peru, the basis of economic life was agncultia^e and animal 



81 


Culture Typeft iti South America 

breeding Llaina»« and alpacas, however, were not found here Em- 
eralds and gold wt re mined by ci rtam tnbes and traded throughout 
the Chihehan art a Gold working was very highly developed, but 
bronze was not known owing to the lack of tin Copper tools were 
scarce, but topper uas alloyetl with gold in fixed proportions All 
cutting tools Wire made of stone, whi<h was not much employed for 
other purpost s 

There were no stone liuildings, all houses and temples were built 
of cane and thatch or of watt If and daub Cotton weaving was 
highly developed, and pottery was decorated in two or more (olors 
by the nc gati\e-painting profess, or was carved Vessels with an- 
nular basfs, commonly found here, indicate Middle American eon- 
nections (^lotbing for both sexes consisted of a loincloth and a 
shoulder mantle All who could afford it wore gold ornaments of 
great variety, which were made m day molds by the lost-wax proci ss 
Weapons wen s|)ears, atlutls, slings, and two-edged swords Bows 
were not common 

Matnlincal descent and monogamous marriage, except for the 
higher ranking men who wen permitted to have several wives, were 
general The Chihehan territory was divided into five provinces, 
each of which was governed by a chieftain Bogota was the seat of 
one such niler, the Zipa, head of the (^hibcha tnbe proper The 
bravest warriors formed a priviligcd class, distinguished from other 
classes by their ornaments 

The bodies of dead chiefs were treated with a rcsinoua substance 
and, after a peruxl varying with the importance of the dt ceased, 
were secretly buried by the priests Besides offerings of food and 
t hu ha at the grave wivc s and servants were sometimes buned aim 
Among the Chibchas there wen many medicine men and diviners, 
the latter made considerable use of datura m their divmations 
Children wen saenfieed to the sun, center of the religious cult, that 
it might live For this purpose tliey were even reared in “schools’' 
from early childhood Bochicd, the c ulture hero, was a bearded man 
who came from the east He was the special patron of the warriors, 
and to him gold only was offered as a saenfiee The rainbow was 
the deity of childbirth The Chibchan god of dancing, drunkenness, 
and ^nging was also the protector of weavers These deities have 
exact counterparts m Middle America, which indicates a f onnection 
of some sort, though we are unable to say in wluch direction the 
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diffumon has occurred Thatched huts served as temples They 
contained idols made of gold^ wood, pottery, etc , arranged m pairs 
— male and female To these idols offerings of food, gold, and 
emeralds were made There was an organized but ungraded pncst* 
hood, which was recruited from the sons of the pnest^s sisters 

The Chibohan culture type had a base like all the other civihza- 
tions of the Andes, but there are many minor differences, which, 
with the numerous evidences of Middle American connec tion, set it 
apart from the Peruvian type 

vn AMAZON-ORINOCOAN 

The Amazon Orinocoan type of culture takes its name from the 
two great nver systems in western Brazil, though it has extensions 
on the west coast, the east coast, and occurs as islands m the East 
Brazilian culture type There are a great number of tribes and 
linguistic stocks in this area, though most tribes speak languages 
belonging to one of the five large stocks — Tupi, Arawak, Canb, 
Tukano, and Pano The remaining languages, most of which form 
independent stocks in themselves, are spoken by tnbes concentrated 
along the eastern front of the Andes 

Slash and bum agnculture occurs throughout the area, the plants 
grown include manioc, sweet potatoes, maize, and tobacco Some 
cotton, cocoa, pmeapples, certain species of canes, and several kinds 
of fruit trees are also raised m various sections Maize, which is 
more commonly grown m the western part of the area, becomes 
quite rare in the east There is no animal breeding whatever, ex- 
cept that which has been introduced by the whites Fishing is more 
important than hunting, for it bows, spears, nets, traps, and poisons 
are used Very few of the tnbes employ hooks and hnes The 
principal huntmg weapons are the bow and the blowgun With the 
latter are used darts poisoned with curare The blowgun occurs 
mostly in the west, as does the atlatl 

Because of the comparatively settled life of these peoples houses 
are relatively permanent They are round or oval and are thatched , 
they have a post-supported conical roof or are reetanguiar with a 
gabled roof In many places the whole community lives m one 
large house Pile dweilinge occur along the north coast A charac- 
teristic tnut of this type of culture is the hammock Neiu'ly all 
travel is by water, m bark or dugout canoes Clothing is very scanty , 
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the jm n often wear only a peinn cover There is no footgear in most 
of the area Some of the tnbes along the eastern face of the Andes 
wear ponchos and blankets Ornaments are arm and leg ligatures, 
and ear, lip, and nose plugs Body painting and tattooing occur fre- 
quently, but arc not universal 

Tools are made of wood, bone, teeth, and shells, for there is 
little or no stoneworking Pottery is made by nearly all the tribes, 
though some engage in its manufacture more than others Basketry 
in many vaneties and weaving are practiced, but in many of the 
tnbes the products are more for ornamentation than for utilitarian 
purposes Bark cloth is made in several places 

*ibf most important economic unit is the village community, 
which IS headed by a chief Marnage is monogamous, with some 
polygyny for chiefs or other more wealthy men The couvade occurs 
sporadically here, and puberty ntes frequently include severe en- 
durance tests Warfare is not particularly developed In it are 
used bowb, spears, clubs, and wooden daggers Skulls of enemies 
are kept by some tnbes, and cannibalism is practiced in several parts 
of the area 

The rchgion consists of ammism and magic The spints arc 
mostly evil, but can be appeased by the medicine men In this 
type of culture masked dances in imitation of ammais are commonly 
found Drums, flutes, rattles, Panpipes, and trumpets are widely 
distnbuted, though there are some tnbes who do not possess all 
these instruments Tht dead are greatly feared, even to the extent 
that villages are sometimes immediately abandoned after a coipse 
has been buned Urn bunal is the most common form, but grave 
bunal also occurs 

Though this type of culture is not continuous m its distribution, 
the traits and the trait-complexes just reviewed are found quite uni- 
formly throughout The islands and the extension of Amason- 
Onnocoan culture m the east suggest that these are recent advances 
into the territory of the simpler, nonagncultural, peoples 

VUI EAST BRASIUAN 

The East Bratihan culture type is almost always associated with 
the <3^ linguistic family It occurs m the highlandi of eastern Brasil 
and as islands in the Amason and Onnoco nver basins It is a much 
aunpler type of culture than the Amason-Onnoooan 
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Tnbcs of this type of (ulture do not practice agriculture, but 
gain their entire food supply by hunting, fishing, and gathering 
This necessitates considerable wandering, consequently their dwell* 
mgs are but temporary shelters, made of bent braiu hes t overed with 
leaves They do not have the hammock Their clothing is v(rv 
sparse, even nudity being reported for tin area In most of tht tribf^ 
th( men wear a tiara of feathers gummed to the head, th« l^ome^l, 
a number of necklaces and bracelets Body painting is practiced, 
but more crudely than among the surrounding agn<ultural peoplis 

They hunt with large bows and arrows, which are also used in 
fishing Most of the tnbcs do not have lanoes nor do thiy work 
stone, weave, or make pottery to any great degre< A little basketry 
18 practued, but most coiitamefb are bamboo mternodes Canni- 
balism was once very common among several of these tribes 

The basic social and economu unit is the band, composed of 
congenial or related families It is hd by a chief whose power is 
not great except m time of war Marriage is monogamous, with 
some polygyny for the chiefs, whose prestige mounts with the number 
of wi\e 8 they are able to support These' tnbes are quite warlike, 
though they do not engage m warfare so much for matenal advantage 
as for revenge They arc the perpetual enemies of the agricultural 
peoples who are their neighbors Duelling is resorted to in settle- 
ment of personal differences 

The religion of these tnbes la animistic, and the spirits that people 
tilt world are almost without exception malevolent Burials are 
made in a shallow pit in the deceased’s hut or under a small shelter 
Frequently the earth is stamped down so tliat the spint shall not 
escape At least one tribe practices secondary bunal Five men, 
who are regarded as temporary incarnations of the spirits, remove 
the body from the small mound m which it was first buned They 
then clean the bones and place them in the village cemetery Sha- 
manism 1^ not important or highly develop! d 

The relative simplicity of the East Brazilian culture is the feature 
that diatingutthea it most from the t3q)es surrounding it The iso- 
lated areas of tins culture type m the Amazon-Onnocoan area sug- 
gest that they are remnants of the older, simpler, culture which was 
once more widespread and which has been mten^netrated and sur- 
rounded by the relatively recent agricultural peoples dealt with in 
the last section 
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l\ CHACOAN 

riic arott extending from the Andes to the Paraguay River and 
from approximately the 17th to the 30th parallel of latitude is in- 
habited by a number of tnlies, most of whom speak langui^es be- 
longing to one of the four following stotks Guaycuru^ Mascoi, 
Matu(o, and Samuco Thert are a ftw outliers of the lupi and 
Arawak stocks, but tlu so tribes are not so fully typical of the Chaooan 
type' of culture as an thost that comprise the four major sto( ks 
The economy of most Cha< oan tribes is based on hunting, gather- 
ing, and fishing In addition, some of the tnbts prat tic e agniultun 
to a moderate degri^ Those that till th< soil use the wooden spad< , 
which has probably diffused from the Peruvian area The nomadic 
horseless tribes live m domt -shaped huts made of bent saplings and 
thatched with palm leaves The nomadic tribes who have horses 
live in portable dwellings constrmtod of poles and mats 

Ihese tribes make pottery ami weave quite fine doth Fishing 
tackle (onsists of hook and line and nets tew of the C bat oan 
peoples have canoes or dugouts, but rather, use pelotas to cross 
rivers The !>ow and arrow is employed almost exclusively in hunt- 
ing Feather fire fans and knuckle-dusters, which occur here also, 
have evnlently been diffused fiom Peni 

faeh village is governed by a chief who, in turn, is generally 
subordmatt to a tnbal chief These offices are usually hereditary 
and carry with them considerable power and mflueute Monogamy 
IS the commonest form of marriage, though polygyny occurs iwnong 
thitfs and others wrho are economically able to support several wives 
Clothing consists of a brteehcloth and a mantle which w wrapped 
around the waist and extends to the ankles Among tlu ornaments 
are woven headbands, in which feathers are inserted, netted caps 
studded with shells, brscekts, armlets, nags, and ear and lip plugs 
Both sexes are tattooed and painted Musical instruments include 
skin drums, gourd rattles, trumpe ts, flutes, and whistles One kind 
of whistle, peculiar to this area, is disk-shaiied Games of chance 
and bat and ball games, which occur among most of the tribes of 
the Chacoan area, have e vidently come from Peru They rarely are 
found elsewhere on the continent 

The Chacoan type of culture appears as a blend of many traits 
from tfie surrounding anas This blend is quite homogeneous and 
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invoheH a number of traits to permit ua to consider it a 

separate culture type For this reason the Chacoaa culture was 
left to the last, for its ethnographic position is best understood after 
th^ principal features of the surrounding culture types have been 
diBGUBsed 

Univjiiuutt of Michigan 



THE HOPI METHOD OF BAKING 
SWEET CORN* 

MISCHA TITIEV 

O NE of the most uitoreHtmg economic activiticH of the Hopi w 
the baking of sweet com (dupeve) m old*fashioncd earth ovens 
A« UHual^ the economic factor is not the only one mvoh ed, for a good 
deal of ntual is interwoven through the entire procedure Baking 
takes place in mid-September, when sweet corn matures m northern 
Arizona, and is performed outside the village close by the field where 
the crop was raistnl The farmi r and his wife make preparations to 
spend two or three days away from home, and several relatives or 
congenial friends are invited to accompany thm A sheep is gen- 
erally slaughtered to provide food, and bedding and other necessities 
are loaded mto the wagon which conveys the party to the fields A 
happy picnic atmosphere prevails from the very outset in spite of the 
fact that a good deal of hard work w to be done Thus a man plans 
to leave the village early in the afternoon so that he may reach hw 
destination before sunset, and immediately on his arrival he must 
unhitch, water and hobble his mules or horses, and then clean out 
the baking pit before he is ready to sit down to supper 

Early the next morning husband, wife, and most of the other 
members of the party begin to harvest the sweet-corn crop, while one 
of the women looks after the camp and one of the men starts a roar- 
ing fire m the baking oven Among the Hopi these ovens are built 
in three parts (see Pig 1) The main section in which the 
actual baking is done, is a cyhndncal pit about three feet lu diameter 
and some eight feet deep About eighteen mobes away there is a 
second excavation, shaped like a bathtub and about three feet wide, 
about five feet long, and mx feet deep This part is called the nose of 
the oven (yokaha) and is used only for ventilation Between the two 

* This article \» baaed cm material gathered at Oraihi, Anabna, m 1933 
The study was made during the oouree of a field trip financed and sponsored by 
tha Divifllon of Anthropedogy of Harvard University, to which grateful ac 
knowledgmeni in made 
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large pit« there js a connecting tunnel about eighteen inches long, 
at ft depth of approxmiately four feet, sloping upward to improve 
the draft 

Throughout the day the man in charge of the oven keeps a blazing 
fire going iii the mam pit, and from tune to time tht har\ esters bring 
loads of torn, winch arc heaped just east of the oven Whtn the 
entire crop has lieen gathered and piled up btside the firepit the owner 
examines the walls of the gost If they ha\ e turned grayish white he 
deddes that it i» time to begin baking, but liefort starting operations 
he must jicrform a hit of preseribcd ntual 


t s 



Fio 1 An earth oven for baking 
Nwoet torn The adual baking m 
ilone in the gd^t the yofca/w la usotl 
oni> to ( reate a strong draft 


While the rest of the party stands atiout and chatters, the farmer 
takes some homespun cotton yarn and cuts a string that measures 
exactly three tunes the width of his hand Two thirds of the string 
he doubles and twists together to fonn tht so-called h ga {hokya* aid) 
of his prayer offering, the remaining third is left to form what is 
called the breath (htk'st) At the juncture of the doubled and single 
liarts he ties together an eagle feather and a feather from a little 
yellow bird (stfcyo'fct), which is said to be present throughout the 
corn growing season, from June to September The eagle plume is 
supposed to carry the owner’s prayers speedily to the sky gods, the 
yellow feather, to make the com assume the proper <olor wlien it is 
baked (There w a standing joke, corresponding to our jests about a 
young bride’s biscuits, that a man’s wife Hill leave him if his sweet 
com does not bake properly ) 

As soon a« the feathers are tied m plate the owner’s wife hands 
him one of the largest and best ears m the crop Tim ear is called 
mother ” and is now to be converted into a prayer stick (paho) As 



89 


Hop^i Method of Baking Sweet Corn 

the first step in this process the farmc r i arefully pulls the green husks 
part way down from the top, places the tied feathers against the ker- 
nels, and runs the breath line up to the tip of the ear The pulletl- 
dow n husks are then replaced so that they enclose the prayer offering, 
and to the outside of the mother car then are now bound sprigs of a 
yellow plant tailed wa'on and of a gray bush kno\Mi as Mungya'^ 
These plants are tied in plai e with a stniig of yucca and arc included 
as prayers for good crops, plenty of gras-^, and otlnr beneficial vege- 
tation The entire packet is known as a baked-coni prayer stick 
{dwpep paho) 

Four such packets are made in exactl> th< same fashion While 
the last IS being comjdeted the farmer’s wnfe picks an ovornpe ear 
which has begun to sprout tassels (takn^la) and, rubbling some of 
the kernels, mixes them with water m her mouth Hhc th( n spurts tht 
mixture over the entire heap of corn, which is soon to go into tin 
oven This rite must be performed by the owner’s wife or by some 
other female relative or friend and is (onsidend to lx absolutdy 
essential to make the corn sweet, but il is very likely that a fertility 
motive IS also involved 

As soon as tht four mothc r ears have bee n propt rly conv < rtt d into 
prayer offerings the owner takes a handful of whitt tornmeal and 
makes four “paths” by spnnkling meal from each of the four cardinal 
directions toward the mouth of the eirtular pit One of the ntual 
corns IS placed on each path, and four pt'ople stand ovt r tliem ready 
to push them into the oven when the signal is given The owner’s 
wife IS usually assigned to the ear on the north path and begins the 
proceedings by sliding her mother ear into the oven 1 hen, m the 
customary ntual order, the other three jieoplr slide their corns in 
from the west, south, and east 

Immediately after the ceremonial circuit has Ixx n (ompleted there 
IS a mad rush by the men in the party to toss tlie entire heap of corn 
into the baking pit in any order, and as the cars go tumbling down 
the women hastily chew and spurt more of a mixture of kernels, 
sprouted com tassels, and water over everything 1 hen the connect- 
mg tunnel us stopped up, and a hd consisting of several large slabs 

^ Tb«»e pUnts have bo«i identified by Mr Volney H Jones, of the Ethno- 
botaaical laboratory, Uiuveratty of Michigan The yellow plant is a species of 
snidceweed, 0ut^rT€tia sarWAms (Pursh) BAR The gray plant Is a sagebrush, 
AHemvia frigxda Wtlld 
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of 8tono IS put over the matn pit The chinks are stuffed with old 
com husks and dirt; and over all there is heaped about a foot of loose 
earth The com is left thus to bake all night; and the party disperses 
to spend the tune in rabbit hunting and storytelling * ** 

Very early the next morning, even before daybreak, the owner 
goes to the oven, clears away the covenng of earth and husks, and 
removes the stone hd Then, before taking out a single ear, he stands 
erect facing east, and as the ^t light of dawn appears he calls out 
an invocation to the cloud people (generalised deities who represent 
dead ancestors) Na nantvak mongmt^ %lanamu^ ho shouts Peo 
nuswtsa kuvatnu! Pax halatkyang kyango^ (^^From all directions 
come, cluefs, our fathers, all together! May you eat with happy 

hearts 

As soon as he has completed his invocation to the gods the owner 
jumps into the hot, steammg pit and begins to throw the baked ears 
out on the ground By this time the other members of the party are 
generally awake, and one or two at a time they come down from the 
camp to the oven and begin to husk the corn which has been removed 
from the pit During this operation care is taken not to break any 
of the stems, since they are necessary for bunchmg the tom together 
later on As they work, the buskers eat freely of the hot ears, and 
they 5ue also privileged to set aside as a reward for their labor the 
choicest ears they handle Although no limit is set, it is customary 
for each worker to take only ten or a doaen ears in addition to those 

* At A oombftke in which I pftrtiotpated in September, 2933, part of the time 
that the com was baking wa« devoted to etorytelling. One of the myths recited 
by my hoet*« father wae particulariy intereetmg 

** Long ago there lived at OnUbi a oonple whose happineee waa marred by 
tiie huebimd'a infidelity The wife grieved conetantty over the situation, but 
when eweeircorn baking time came, she acoompanied her hueband into the field 
While he was bueied with the preparatloR of the corn-mother prayer oiferinge, 
she quietly withdrew and began to drew in her bridal garments^ ^uet ae It came 
time to throw the com into the hot pit ihe reaj^^ieai^ and called out haeitly, 
*Wait, wait UU T jump in, then you can throw the com in after meP Before 
anyone reallaed th^ full eigniftcaiiee of her words, she leaped into the oven and 
was burned to death 

There are two endings to this little myth In one version It is aaifi that 
the corabake was broken up by the winna&’a suicide, but the other holds that it 
was carried out to its ooneluskm in order that the spirit of the dead woman 
might have the com that would have been her due had she remained alive 
Bveryooe agreed that the suicide had been performed In this matmer to bring 
repis^h on the husband, so that ho would never again get the full enjoyment 
out of baking sweeA com that every Hop! experienoea. 
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which are eaten on the »pot Thw custom is part of a Hopi tsouventiou 
that baked eweet corn is anyone’s property until the moment that it 
is bunched and hung on a rack outside the house to dry ® 

As the husking proceeds the workers ultimately come upon the 
com prayer sticks^ or corn “mothers/* which had been so carefully 
prepared on the preceding day Wlien those are husked, the inserted 
prayer offerings are removed and saved by the owner, but the ears 
themselves are promptly consumed by the lucky finders As soon 
as tune permits, the owner takes the prayer offenngs to his fields and 
there deposits them a few inches below the surface, with the breath 
lines extended toward the east 

When the entire content of the oven has l>een removed and when 
all the ears have been husked, tlie baked sweet corn is loaded into a 
wagon and the whole party starts for home Upon arrival m the 
village the com is speedily unloaded and the owner*8 wife promptly 
fills several trays, which are sent io various neighbors In this way 
the recipients are made aware of the fact that a new load of sweet 
corn has just been brought into the village and that their services are 
requested by the owner’s household As soon as possible, therefore, 
the women assemble at the house in question, each one bringing with 
her an awl fashioned from the front upper leg bone of a sheep With 
this implement a hole is bored through the stem of each ear, and a 
stnng made of yucca fiber is passed through it Those stnngs are 
made by knotting two yucca leaves together at the bases, with the 
thorny tips left free for oonvemence in threading About twenty-five 
or thirty ears are generally bunched together on one stnng, the entire 
cluster being known as The bundles are then hung on racks 

outside the house to diy In the sun, after which they are stored away 
for winter use From this point on they are the owner^s private 
property 

Baked sweet com is prepared in several ways It may be sof- 
tened by boding, and eaten on the cob, or else the dry kernels are 
shelled and ground mto a meat knovm as Um This meal is some- 
times eaten plain, but more frequently it is made mto a dough called 
In this form it is a favonte gift on ceremonial occasions, and, 

* In keeping with this convention all who happen to pass hy while the corn 
le being conveyed Into the village are invariably invited to help themselves, 
and It is noteworthy that the plural form ntmufto (“eat”) is used even in ad- 
drmlilng single individuals. Tide is explained to mean that the cloud peoide are 
automatically intduded in every mvHatlon 
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when ^(haped into a large bnck and proffered under special conditions 
by a girl to an eligible male, it serves as an offer of marriage 

The account here given is based on the procedure custoriianly 
followed at Oraibi on Third Mesa In general, similar customs pre- 
vail at the other Hopi villages, but there are doubtless many vari- 
ations m regard to particular details For example, m descnbing 
pwect-com baking at Second Mesa Beaglehole notes that only two 
ritual corn packets are prepared and that they are called “Mother 
Corn” and “Father Corn “ ^ When these are removed from the 
baking oven each worker takes a mouthful from the Father Corn 
cob, but the Mother Corn is earned back to the v illage to be shared 
by the owner^s household group One or two other differences are 
described by Beaglehole, but on the whole the pattern is the same for 
both mesas 

Thtre w a good deal of archaeological evidence to supixirt the 
belief that baking vanous foods m earth ovens w an ancient and 
widespread custom among the Pueblos In fait, in the closing 
years of the nineteenth century Victor Mmdeleff (5, pp 162 163) 
came to the conclusion that “most of the cooking of the ancient 
Pueblos was probably done out of doors, as among the rums vestiges 
of cooking pits, almost identical in character with those still found 
in Tusayan [a former name for the Hopi region], arc frequently seen ” 
It should be noted that Mmdeleff has reference to cooking pits which 
were used not for baking sweet corn but for the preparation of a corn- 
mush pudding known as or pikami* but the ovens which 

he pictures (6, p 163) are structurally comparable m most respects 
to those used for sweet com 

In other parts of the Pueblo range Fewkes found similar pita 
Both at Kmtiel (4, p 128) and at Four-Mile Rum (4, p 139) Fewkes 
reported “several cysts which were filled with ashes and charred 
wood These arc interpreted as suburban ovens [which] mdi- 
<ates that cooking was done m the open, ^ust as is the case with 
certam kinds of food in modem pueblos ** Fewkes likewise noted 
(3, p 107) “a cluster of communal ovens ** at the mm of Heshotauthla 
on the Zufti reservation These were built of stone and were con- 
structed with chimney-hke flues 

* For a summary of Second Meea procedure m baking sweet com see Beagle- 
hole <1, p 44) 

^ tot a description of pxkotni preparation see Beaglehole (1, p 66) 
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In 1930 Dr Frank H H Robeits (b, p 44) also found a number 
of out-of-door firepits near Zufti 1 hese, too, were hned with stone 
and closely resemblp the pt^urnmt ovens destribed by Mindeleff and 
Fewkes According to Hoherts (6, p 46), his Zufii workmen were 
unfamiliar with the pt-gummt ty^ie of o\eu, i\hich seemed strange 
in view of its frequent occurrence m ruinn on their reservation On 
the other hand, Roberts notes that ‘Hlw Zufti (ontinue to roast green 
corn, in thi husks, in deep pits '' 

The Zufti custom of corn roasting furnishes an interesting com- 
parison with Hopi practice According to CuRhing’s account (2, 
pp 204 ), the Zufti use a cone-shaped pit somewhat similar in prin- 

ciple to the Hopi ovens, but whereas the latter bake sweet corn the 
Zufti are said to bake “such corn as gi\e8 no promise of ripening 
Apart from this basic difference, tlit prcKedun follows a comparAble 
pattern for both tnbes The Zufti first bring the immature untmsked 
ears to the ov en, where a fire is kept burning all night 1 hen, before 
they are thrown into the heated pit, the leader of the actuity selec ts 
a sturdy corn stalk and two fine ears, which are promptly stripped of 
their husks The leader lays one ear against the stalk, and from the 
other he chc ws the kernels, spraying the pulp over the entire heap 
of corn He then places the bare cob by the side of the full ear and 
bmdR both to the stalk \fter a brief prayer this offering is dropped 
into the glowing oven and the rest of the corn is hurnedly thrown in, 
covered with green husks and stalks, and sealed with a mound of 
damp earth When the oven is o|)ened the next day the baked com 
IS remo\ ed, but instead of being husked on the spot, as is done among 
the Hopi, it 18 earned to the village, arid after being husked in the 
owner^a house is braided in long bunches and hung up to dry 

Many other details, such as the payment of workers and the 
“gorging’' that takes place while the baked corn is being brought 
into the village, support the impression of close similanty between 
Zufti and Hopi methods of baking com In the light of all the evi- 
dence, therefore, Hopi aweet-com baking may best be considered part 
of a general Pueblo pattern which seems to have been operative in 
the Southwest since ancient times 
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PALEOBOTANICAL STUDIES IN MICHIGAN 

CHESTER A ARNOU) 


T he exiHtenco of foHtnl plants in Michigan has been known for a 
long tune Among the collections m the Museum of Paleontol* 
ogy of the University of Michigan are siiecimens obtained many years 
ago by Bela Hubbard and Alexander Winchell from coal mines or 
quames in the vicinity of Jackson Though the greater number of 
them are indeterminate, they represent for the most part medullary 
casts of CordaxU^ and CatamtU^ In 1874 Leo Lesquereux desc nbed 
as land plants some objects from the Silurian near Monroe, but the 
remains art fragmentary and mdefinite and are not accepted as 
constitutmg satisfactory evidence of the existenco of terrestrial vege* 
tation during that period In his Coal Flora^ published in 1880 and 
1884, Lesquereux makes no reference to fossil plants from Michigan, 
although this work was intended to be a comprehensive treatment of 
the Carboniferous floras of the United States as they were then 
known In 1870 Rominger reported sihciflod wood from the Antrim 
shale 

If we disregard the supposed baetcnal and algal remains described 
by Walcott from the pre-Cambnan of the Lake Supenor region, and 
the more recently noted but highly problematic vegetable life in the 
Upper Pemnsula, recognisable plant fossils are confined mostly to the 
Bquaw Bay hmestone, the Antrim shale, the Sagmaw formation, and 
the Woodville sandstone 

Very few plant types are known from the Antrim shale Callixylon 
is the only positively identifiable form with known affinities, although 
a specimen probably belonging to Bothrodendron was desenbed by 
Inex M Clark in 1934' Ccdhxylon occurs m the shale as 
sections of la.rge silicified trunks, some of which must have attained 
a diameter of two or three feet Several such specimens have been 
recovered from the quarry at Paxton, west of Alpena Preservation 

' dark, tnei M , *^Two New Psteobotanleal Reoorde for the Antrim Shale 
of Mu4ilgaA," Pap M%ek Aoad Sm , and LeUergf 19 (1933) 09-04 1934 
Xlafortuaately the figure of BtAkrodetidfvn anfrimenee oo Plate III is inverted 
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of tho cell structure w excellent, and splitting reveals, even to the 
unaided eye, an appearance which, except for the brownish black 
color, w charactenstic of that of recent wood Fragments of Callixy* 
Ion from the Antnm of Michigan or Ontario occasionally CKCUr in 
the glacial drift m the southeastern part of the state 

It should be noted in this connettion that Calhxylm is diaractcr- 
wtic of this middle Paleozoic blaik shale wherever it is exposed 
It occurs in the Antnm at Kettle Point, Ontario, in the Huron shales 
of northern Ohio, in the Ohio and New Albany shales wherever they 
are exposed in Indiana, Ohio, and Kentucky, and in th< Chattanooga 
shale of Tennessee Microstopic examination of the silicified wood 
shows that C Newberryt^ the common spedcs in Indiana, exists in the 
Antrim also The vertical range of CaUtxylon is undetermined, but 
with the exception of its presence in such shales as the Antnm, New 
Albany, and others, the age of which has been the subject of consid- 
erable dispute, the genus has never bee n found beyond the limits of 
the Upper Devonian In central and wc st< rn New York it ranges from 
the top of the Genesec» shale to the Cattaraugus, but never as high 
as beds of undisputed Mississippian age, such as the Pocono or tht 
Kinderhook, or any of the lower Carboniferous bonzons of Europe 
In New York and Pennsylvania it cKCurs with ArchaeoptenSy a fem- 
bke plant eharactenstic of the Upper Devonian the world over 
The plant fossils in the Antnm most likely to arrest attention 
are long slender impressions marked with prominent crojs lines 
and covered with a thin layer of finely fractured coal These im- 
pressions are commonly from one to three inches wide, but narrower 
and wider specimens are frequent Their length is indeterminate, 
since they are hnuted to the diameter of the shale slabs, which is 
seldom more than three feet Because of the prominence of the cross 
lines these cunous fossils were originally placed in the gen as Cato- 
miteSy but later transferred to Pseudobomta Positive evidence exists 
that at least some of them belong to CaUtxylon Newberryt Most of 
them, however, arc indeterminate Satisfactory proof has recently 
been secured which shows that, whatever their affinities may be, 
they are not jointed stems of the bamboo fishing-pole type, as is 
suggej^ted by the prominence of the cross lines, but, rather, pieces of 
split and broken drift wood which had become transversely cracked 
by frequent wetting and drying previous to fossibzation Some of 
them may represent CaUtxylon^ or any other woody plant, since 
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stnps of oak bark split m exactly the same manner have been ob» 
served ^ 

Passing reference should also bc» made to the familiar but problem- 
atic fossil Sporangttes kuronenstSf a small, almost microscopic, spore- 
like obje<t of which little more is known than when it was originally 
described by Sir William Dawsem many years ago At plates these 
small amber-colored bodies exist in such numbers that they impart 
a brownish gray color to tlie shale 

1 he coal flora of Michigan has always been regarded as a meager 
one, and when it is compared with floras of corresponding age ai 
Ohio, Illinois, Pennsylvania, and other states tins supposition proves 
well founded David White referred to this sparse flora, stating, 
however, that it is sufficient to indicate a place high m the PottavilU 
Two lists of his detcrmiuations are imludcd in state geological 
survey publications of 1902 and 1908 l*orty-five forms are listed 
from eleven localities, but some of the specific names are followed by 
an interrogation mark and other forms are determined only to genus 
Until recently these two lists, which arc merely annotat'd tabula- 
tions, were the only published information pertaining to the flora of 
tlu Michigan Coal Basin 

This reputed meagerne^w of the coal flora is in direct relation to 
the hmitod vertical and lateral extent of the coal-beanng formation 
itself, and is not due to any apprec lable lack of plant matenal m the 
shales interbedded with the coal seams In direct contrast to the 
small amount of matenal that may be collected from vanous local- 
ities near Grand Ledge, 8t Charles, and Saginaw, the relative num- 
)>pr of species that may be obtained is often surpnsingJy large In 
the collections of the Museum of Paleontology of the University of 
Michigan the coal flora is represented by only a few hundred speci- 
mens, but from tins number, thirty-five typical Pennsylvanian species 
have been determined and four new ones desenbed * Moreover, this 
number probably represents only one half or less of the total number 
of species in the collection From the number of species represented 
in it we may gam some notion of the relative productivity of the 
shales of the Michigan coal senes if we compare a collection, recently 

* Arnold, C A , ^‘The So-oaUed Hruirh Impremions of CalliXi/ion Neuiherryt 
{0n) Blkiiut Wieland sod the Conditions of Their Preservation/' Joum 
Oeof,i2 71-75 1934 

* Arnold, C A , A PreUmlniuy Study of the Fossil Flora of the Miohigan 
Coal Darin," Contrib Afiw Paleontol , Umv Mtch , 4 177-204 1934 
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reporteti from Boiithwcstorn Pennsylvania, which contains eighteen 
thousand specimens but in which only fifty-five species were recog- 
nised Relatively speaking, the flora of the Michigan Coal Basin is 
not a meager one, but contains a wide range of Pennsylvanian types 
representing most of the larger plant groups 

Mention of all the plant types of the Michigan coal flora would 
be out of place here, only those having somt special significance will 
be discussed It should be noted, however, tliat there is in the flora 
an abundance of arborescent forms, such as Colamttes^ CordatteSt and 
Lepidodendron Some of the ironstone nodules belonging to Cycle 
“ A” of W A Kelly at Grand Ledge are made up largely of the com- 
pacted slender, strap-shaped leaves of Cordaties, and pressed between 
them are broad-winged, platyspennic seeds of the iSaTnaropsts type 
Calamtten is represented by foliage, strobili, and pith oasts, the latter 
being ej^pecially abundant in the Woodville Several species of 
Lejndodendron are known The remains consist of impressions of 
the trunk surfaces, leafy twigs, spores, and structurally preserved 
cones of the Leptdostrehus type * The cones are rarely observed in 
the petnfied state m North America Two or three species of 
lana are present S scuteUala has lieen observed m the quarry of 
the Grand Ledge Face Bnck Company, and this is the only known 
occurrence of this common middle Carboniferous £}uropean species 
m America the roothke OTgan of both Leptdodmdron 

and SifftHartOf occurs in quantity, but merits no comment other than 
that pieces of it are sometimes found in the glacial dnft Professor 
Bartlett has described a variety of lepidodendroid spore types from 
the coal pebbles of the glacial dnft ^ 

The ptendoeperms and the ferns are represented by several famil- 
iar Carboniferous leaf genera as NeuroptenSf Alelhoptens^ ManopUnSf 
Spkenoptenet Odontoptens^ and MegalopUne The last is known only 
in North Amenca, where, according to David White, it is character- 
istic of the Conoquenessing stage of the upper Pottsville It ia also 
known from Iowa, Illmois, Indiana, Ohio, West Virginia, and New 
Bmnswiek 

Megalopkns liaa large tnfurcated femlike foU|U» organs, whicii 

* Arnold, C A., '"A Potiified Lepidophyte Cone from the Psnnsylvstdaii of 
Michigan “ Am* /oum Bot , 17 lOSS^ 1082 1030 

* Bartlett, H H , of the Carboniferout Coat Pebbles of the Qlamal 

Drift at Ann Arbor/' Pap JlfnA Atad , Arle, and hetttn. 9(1028) 11-28 
1929 
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sometimes roach a length of one foot Extending lengthwise along 
each lobe of the lamina is a prominent mid vein, from which closely 
spaced r dichotomously forked vemlets depart at angles ranging from 
45 to 90 degrees, depending upon the species The largest and most 
spectacular species is M Datvaoni^ which is abundant m the ironstone 
nodules of Cycle at Grand Ledge Leaf fragments more than 
two inches broad have been found Occurring with it is Af KeUyt^ 
a species recently described, which may be distinguished from M 
DawBoni by its slightly smaller si«e and by the lateral veins which 
extend to the margm, at nght angles to the midvein 

The rather constant association of Megaloplena and broad-winged 
seeds of the Samarepata type has been observed upon several occa- 
sions, and although they hav e never been found m organic connec tzon, 
there is a certain amount of circumstantial evidence that they be- 
longed to the same plant * 

Although the plant reinams of the Woodville (or, more sjiecifi- 
tally, the Eaton) present a different aspect from those of the under- 
lying Sagmaw, the appar6mt differences are due to preservation 
The remains are largely sandstone casts of trunks and roots, with 
very little leaf material except Cmdattea Preservation took place 
under an entirely different set of conditions during the time of dep- 
osition of the Woodville, but there is no reason to suppose that a 
markedly different flora existed then The species of Calamile$, 
CordatteBf and Leptdodtndron appearing in the Woodville are not 
greatly different from the Sagmai^ species, and since no typical 
Permian s^iecies have been found, the suggestion from the stratig- 
raphy of the beds that they belong to the Permo-Carboiuferous is 
scarcely supported by the flora However, the expression of a final 
opmion must wait for further evidence 

UNIVfiBSlTT Of MlCmOAN 

* White, D , ** Megaloptons and the Giant Winged Carcfiocarpe/ BtUl Choi 
Soc Am, 44 213 lft33 




A STUDY OF VEGETATIONAL INVASION AND 
SUUCESSION ON A DENUDED AREA OF 
THE CRANBROOK ESTATE, BLOOM 
FIELD HILLS, MICHIGAN 

MARJORIE T BINGHAM 

F or a number of years a part of one of the rnorainf ridgts witlun 
the area of the Cranbrook estate at Bloomfield Hills, Muhigan, 
was used as tVie local source of gravd When gra\el for budding 
purposes was no longer needed, the pit was abandomd 8inoe 
considerable excavating had been done in removing tlu gravel, 
the site was used as a dumping ground In a short tune, how- 
ever, it l)c<ame evident that this practice was undesirabh Conse- 
quently in the summer of 1934 the refuse was cleaned out and the 
pit abandoned 

It oeeurred to the director and the botanists of Cranbrook 
Institute of Science that this freshly denuded area would afford an 
interesting study of vcgctational invasion and suctession On 
October 1, 1934, the study was begun (See Pis I-II ) The soil of 
the sides of the pit is sandy clay and gravel, the floor consists of 
cinders, sandy clay, a mixture of broken glass and scrap tin, with 
occasional small areas of granular cork 

On the run were well-established meadow species, such as AscUptati 
syrtaca L , Poa praienm^ L , Soltdago canaderutia L , Lettpedeza hiria 
(L ) Hornem , and Tr%fcltum preUense h , included among the arbo- 
rescent species w’^ere Hobtma Pseudo-^ A ccuna L , Saltx Bfihylontca L , 
Acer Negundo L , Rhm iyphtna L , and Pyrus Malus L Of ttie woody 
plants mentioned some are native, others are orchard survivals from 
early farming days, some are introduced 

Twelve permanent meter quadrats were established on the floor 
and the sides of the pit Each was marked with four two-by-two-inch 
wooden pegs dnvon well into the ground Into on( peg of each plot 
were hammered tacks three-fourths inch long of a number oor- 
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responding with the number of the plot, to facilitate mibeequent 
recognition Numbering of plots began with the first quadrat on 
the floor of the pit at the left and proceeded m orderly manner to- 
ward the right Species were listed from each of the 12 plots Each 
plot was photographed and panoramic views were taken of the en- 
tire pit 

To give a more comprehensive picture of invading vegetation 200 
additional meter quadrats were chosen at random from all parts of 
the pit, begmning at the lower left and proceeding in order to the 
right Random fkior plots were numbered 1-77 Random plots 
78'200 were on the sides of the jnt Plot 78 was at the left, plot 200, 
at the extreme right of the pit Speens from the 200 random and the 
12 permanent plots were listed and charted to show the distribution 
and frequency of species by plots 

Vegetation was rather sparse throughout, as the photographs 
show Nevertheless, the total listing gave 86 species, 09 genera, and 
31 families The frequency list of families indicated Compositae lead- 
ing with 14 reprosentativis Soltdago camdenm L was the most 
frequent species, with 116 plot occurrences 

On October 1, 1935, a second hsting of species was made The 
same method was used as m 1934 The 200 random plots, howe\er, 
from the very nature of their being random plots, were not iden- 
tical with the 200 plots listed in 1934 Nevertheless, they cor- 
respond closely, since each year tlie listing began at the same point, 
namely, the floor of the pit at the left, and proceeded to the nght 
As m 1934, the floor plots were 1-77 Plots 78-200 were on the slopes 
of the pit 

The listings of 1935 revealed astonishing changes, as did a com- 
parison of the plot and panoramic photographs with those taken 
from identical positions twelve months before (See Ws III-V ) 
Charted data indicate fewer plant families and fewer genera m 1935- 
36 than m 1934-36, but an increase in the frequency and dominance of 
certain of these genera Photographs show a much denser growth 
and a very definite and well-marked wall of vegetation advancing up 
the slopes of the pit and stopsnng abruptly where the steepness of 
the slope becomes a detemng factor 

As m 1934, the distributUm of species was determined, a record 
was also taken of the dominant i^oies in each plot The chart for 
1935 indicates the total number of species to be 69, total number 
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of genera^ 55^ total number of families, 23 In 1935 there wore 16 
fewer spectee, 14 fewer genera, and 8 fewer famdiee than in 19t34 
Compomtae were again the leading family, this time with 16 species 
represented Ladnca scanola L was the most abundant of all species 
It occurred in 109 plots and dominated 68 of them 

No record of dominance in plots \^as mafk m 1934 because the 
vegetation, though vaned^ was universally sparse 

Although vegetation was more abundant in 1935 it was more 
restricted in its range, taxouomically sjieaking This was due m part 
to the disappearance m 1936 of certain cultivated forms sucli os 
Lycopermeum eaculeTUum Milt , Brasnea Hapa L , Lobtilana man- 
hma (L ) Degv , and Cuc«r5»te pepo var ovxfera Bailey, which wen* 
present as relicts of the Cranbrook dump in 1934 


COMPARATIVE IIST OF SPECIES IN THREE OF THE 
TWEIVE PERMANENT METER C^XIADRATS 

AMtertoks deHignat« specie* preinmt m both yeare, dominant Hpccies 
are indicated by capitals and timall capital 

Plot 1 


19U 


JOVi 


Amaranthufi blitoiden Wata 
'^Ambrosia artemkiifoUa L 
CinUum arvenae <L ) Scop 
*Lepidium virgiiuoum I 
Pameum caplllare h 
*Poa prateni^ 

Setaria viridiH (L ) Beauv 
*SoUdago oanadeneis I 


*Ambroua artenumifoba L 
Erigeron canadensia L 
Lactuca ecanola var integrata (iren 
and Godr 

•LepicHum virgimcum L 
Mhulotcb At BA Deer 
•Poa pratenela L 
*Solidago canadenein E 
Tnfolium repena E 


WS4 

No vegetation 


Plot 7 

im 

Achillea Millefolium L 
Amaranthufl blitoidee Wat« 
Cheiiopodium album t 
Frigeron canadenals E 
Lactuca ecarlola L 
I^pidium vtrginicum I 
M^ilotus alba Deitr 
Panlcum capillars E 
Saisola Kali var 'ibnuikoua 
G F W Mey 
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Plot 8 


19^4 1935 

AmbroBia artemiBufoUa T 
Barbarea viilgarw H 6r 
Bramii a Rapa L 
C henopodmm album L 
C>oreop8ii!i lanceolata I 
LeonuruB Cardiaca I 
Lobulana maritima (L ) Dtwv 
Polygonum persioaria (I ) 8inatl 
Polygonum Bcandons T 
Poa pratenciiB L 
*Setaria virldis (I ) Beauv 
Setaria media (L ) Cyntl 
Trjfnlmm i*epenB I 


SPfCltJi IIRTID iS THI ORDI H OP THEIR B'REQUENCY 


So of plot 
oceurreftcet 

wu 

1935 

116 

Solidago canadcneiB I 


109 


I^actuca A< ariola I 

94 


MehlotiUi alba Dear 

80 


B^geron canadensis L 

63 


SaMa KiUi var ienmiol 


# 

a F W Mey 

60 

Poa pratensiB L 


66 

Panicum capUlare I 


56 


I^pidium vii^inicum E 

54 


Poa pratensis I 

52 

Chenopodium album L 
Halaola Kail var tenuifolta 
G F W Mey 


44 


Panu um capiUare I 

39 

Setaria viridBi (I# ) Heauv 


37 

Ambrosia artemiHiifoha I 


34 

Achillea Millefolium E 


31 


Tjolium pereone L 

30 


Ambrosia arteimsufolla L 

28 

Taraxicum offiomale Weber 


27 

fn/olium repena L 

Achillea Millefolium h 

26 

t^pidium vicginioum I 


24 

Polygonum avioulare L 

Setaria viridis (L ) Beauv 

23 

Lohum perenne L 


22 

Amaranthua bliioidea Wats 


21 

Frlgeron canadensw L 

Solidago canadensis L 

J9 

Sisymbrium dSMnale h 

17 

EragrostU megaetachya (Koeh- Tnfolautn repenw L 
ler) Unk 

Medicago aativa L 


P rigeron canadensiB I 
I AOrnCA SCAftlOLA I 
I^pidium virginH'um Tj 
M ehlotuB alba Dear 
Foa comprossa L 
Pfuiius np 

RaphanuB Bativue L 
*Selana viridia (I ) Beauv 
Siaymbnum officinale 
laraxKum offiimale Webei 
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oocurrmcea 

16 

13 


12 

11 

10 

0 


8 

6 


6 


4 


3 


AmaranthuH bybriduH I 
Humex crmpun L 
I* chtnoi hloa cniHgalh (T ) 
B«auv 

Polygonum portioaria (I ) 
Small 


Digitaria HatiguinaliK (1 ) ^op 
SeWla glauoa (1 ) Ileauv 
CapMlla BuTHa-paHiorUt (L ) 
Medit* 

Cx)rix)p«l« lanceolata 1 


C imum arvenno (T ) S( op 
Iragaiia vcrch I 
Verbascum Tha{>^ui$ I 
Tiactura Mcanola 1^ 

Ixx)nuru« C ardiaca L 
Lespede/a hirta (1 ) Horiunn 
Nepfrta Cataria I 
Slaymbnum altiaKimum I 
T^epidium deneiifiorum Schrad 
Robtnia Piseudo-Acacm I 


AaparagUH officinabii L 
Clienop^ium hybrid um L 


AmaranthuM Palmcn Wats 
Braaeioa liapa L 
Chrysanthemum I ^uc anthe- 
mum Jj 

Cururblta maxima Durbesne 
Equiaetum fayemale h 
Ipomoea purpurea (L ) Roth 
Lobularia maritlma (L ) Desv 
Lychnis alba Mill 
Plantagp major h 
Potentilla monspelienaia L 
Paedera quinqu^fdia (L ) Greene 
Hhua typbma L 
Stellana media (L ) Cyrtll 
Trifobum reOexum L 


1 ragnmtis mcgastachya {Koeh 
ler) Link 

Sobdago graininifolia (t ) 
bsb 

Taraxicum officinale Weber 
S«siann glaura (L ) Beauv 


1* ragaria vest a I 

1 < hinotlUoa cruKgalh (L ) 
Beauv 

Rumex rrwpus T 
Verbascum Thapsus I 


AgroKtia alba 1 
Medicago sativa T 
Potentilla recto I 


Art tlum 1 appa I 
C irsium arvense (1 ) Scop 
l^ctuca Hcarmla var integrata 
Qren and Godr 
Plantago major I 
Amaranthus graectsans I 
Apocynum sp 
Chenopodium album L 
Polygonum pemicana (L ) Small 
Hobima Pseudo-Acacia 1 
Humex Acetosolla I 
Amaranthus bbtoidea Wats 
Asclepias synaca L 
Hromus commutatus St brad 
Daucus C arota L 
Nepeta Catana 1 
Phleum pratensc L 
Polygonum aviculare L 
Psedera quinquefoha (I ) 
Greene 

Haphsnus satlvus L 
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No of plfU 
oceurretuxi 

Agnmontft gyruAopala Wallr 
Apoeynum sibincum 
Arottum Lappa T 
Aftdapiiaa nynatA L 
Convolvulus arveofUB I 
Coprinus comatun (MuU ) Fries 
Cucurbita pepo var ovifsra 
Bailey 

Dosmodium Bp 
l^actuca eanadenBiB 
Lycopergirum esrulentum Mill 
Matva rotund I folia 7 
Cbcalis Btficta L 
Piantago lanceolata L 
Polygonum seandonB 1 
Rubua 8p 

Atriplex patula var hastata (1 ) 
Gray 

Barbarea vulgaris R Br 
Berteroa incana (L ) DC 
Chenopodtum leptophyUum 
Nutt 

( omus Btolomfera Michx 
C ratai^piK sp 
Daucus Carota L 
1* rigeron annuus (I ) Pen? 
Lmula craterlmn 
Ixipidium tampeatre (L ) R Br 
Mirabilts Jalapa L 
Oenothera biennis L 
Panioum HenbneHanum Ka«h 
PTUeum pratense L 
Rumex Aoetosella L 
Sahx amygdaloides Andore 
Seneolo Jacobaea L 
Bolanum Dulcamara L 
Verbena canadensis (L ) Bniton 


Agrimonia gyroaepala Wallr 
Aster laevis L 

C hrysaatbemum I^uoanthe* 
mum I 

C/onvoivuluB Hp 
bquisetum arvense 
l^actuca canadensis L 
I^eonurus Cardiaca L 
Malva rotundifolia L 
Sileno latifolia (Mill } Britton 
and Rendle 
Tnfohum reflexum L 


AmaranthuH reflexus L 
Aster novae^angtiae L 
Berteroa incana vL.) DC 
Coreopsis tanceolata L 
Dactylis glomerata L 
Itquisetum laevigatum L 
Iris sp 

T4e8p^esa hirta (1^ ) Hornem 
Piantago lanoeolata 1/ 

Poa oompreesa L 
Prunus sp 
Rhus typbma L 
Bicyos angulatua I 
Bohunum Dulesmara L 
Soliclago Bpaoiosa L 


FAMILIhS LIBTEP IN THE ORDER OF THE FREQUENCY 

OF SPECIES 


No of spectet 

U 

12 

10 

9 

e 


1B$4 

Compositae 

Oramlneae 

Crucilerae 

Legumlnoeae 


Cnmpotttaa 

Graminaas 

Legumloosae 
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' species 

im 

1936 

5 

Polygonaceae 

Rosaceae 


4 

Chenopodiaceae 

Cninferae 

Polygonaceae 

Hosacese 

3 

Amaranthaceao 

Amarantliaceac 

2 

Caryophyllaceae 

Chenopodiaceae 


Con vol vulaccae 

Equisetaceae 


Cucurbitaoeae 

I^biatae 


lAblatae 

Plantaginaoeac 

Solanaceae 

Plantaginaceae 

1 

Agancaoeae 

Anacardiaceae 


Anacardiaceae 

Apocynaceae 


Apocynaceae 

Asclepladaceae 


Asclepladaoeae 
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SPlvClEB DOMINATING QUADRATS 


i9$S 


iyo JHW9 

dominaied 


1936 


lActucft MarioU L 68 

Erlgeron cun^ensu I* 26 

K«li var tabuifolm Q F W 
Mey 23 

l^iolium perenna L 21 

M«ilkrtu« Alba De 0 f 18 

PoA pratMiAlB L U 

Paoicum oApiBare h* 8 

SolkUgo gramiaifoUa (L ) Sali^b 6 
I,«pl4lum virclnicum 1 5 

SoUdago caJudatulA L 5 

RjobinlA Paeudd-Acacta h 4 

8«taria (L> Bisauv 4 

Apoeynum ap 3 

fe^ragnMtls megaatacbya (Koehlor) 
liak 3 


Aaolepiaa ^ynaca L 
Achillea Millefolium I 
Ambrosia attemiuifolia U 
Arctium Lappa T 
Aster novae^angUae L 
BromuB oommutatue Sohrad 
Cirsium arvense (L ) Scop 
Coreopsis lanceolata L 
Kchtoochloa cnisgaUt (U) Beauv 
Equisetum arvense L 
Fragana vosca U 
Polygonum aricularo L 
Psedeira qumquefoba (L ) Qroene 
Rhus typhina L. 

Setaria ^uca (L ) Beauv 
Sisymbrium offiomale Ia 


2 


1 

l 

1 
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f^CJMIIARY 

In 1034 the lint of vegetation in 212 meter quadrate in a denuded 
area, formerly the Cranbrook gravel pit, revealed 85 species, repre- 
senting 69 genera of 31 families Campositae, with 14 species repre- 
senttKl, led m family frequency Soltdago canadeiwts L , with 116 plot 
appearances, occurred most often Graimneae pro\ed a (lose second 
with 10 representatives, headed by Poa profensts L with 60 plot 
occurrences 

The vegetation charts for 1935 showed Comjiositae still the most 
frequent and the dominant family, with 16 species representtd 
Sohdago canadensis L , however, was no longer the leading species 
Laciuca scartola L was dominant in 58 plots and, with occurrences m 
109 plots, led all siiecies Again Graimneae were a close second, with 
12 species, nevertheless, Poa pratensis L , the leading species in 1934, 
dropped to sixth place with only 65 plot occurrenees and was sup- 
planted in the frequency list of spei les by Meltloius alba Desr , whic h 
was recordeil in 94 plots 


CONCl 178IONB 

R< gardless of slight differences in the number of species present 
in 1934 and 1935 the same eight plant fatmhes lead the list of invade rs 
The Compositac, the leading family, maintained each year an iden- 
tical margin over the Grammeae Seeds of most dominants are wind- 
blown Others depend on animals 

Notwithstanding the general recognition of 95 per cent of all 
species listed as particularly noxious weeds, they should be seriously 
regarded as active and persistent agents m erosion control 

CkaKBHOOK iKSTlTtmB OF ScIBKCfl} 
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ANATOMY OF THE INFLORESCENCE OF 
URGINEA MARITIMA {L) BAKER 


DOROTHY CHAPMAN CARPI NTFR 
INTRODUCTION 

U RGINLA MARITIMA (L ) Baker, or sea onion, is a member 
of the Liliaeeae It is distinguished from its dost rolatne, 
Scilla, m Englcr and Prantl (4) by its < ompre^wed, angular seeds and 
deciduous perianth segments, in Sctlla the seeds are lonual or obo- 
vate and the jicnanth persistent U manhma is a perennial with a 
large bulb somewhat immersed in the soil At its base is a sU m plate 
which IS 111 part a mcnstematic region, giving nse to leaves and 
flower stalk and to a fibrous root system The leaves os they emerge 
from th< bulb are round and solid for varying lengths, tluse split 
and are flat during further growth (2) In I manftma, as m such 
Monocotyledones os Mu«< an, Ornithogalum, Scilla (3), Erythronmni 
(5), Tuhpa, and many others (1), there is also on aseitual reproduc- 
tion by bulbils produced vegetatively on the scale surfaces 

DKSCRIPTlON 

A single flower stalk is produced annually from the stem plati of 
a V manttma plant At its tip are the numerous green and wlut( 
flowers m a terminal raceme, each flower being txirue singly on a 
pedicel which comes off from the scape just above a bract When 
young, the scape grows extensively at the base, reaching as much as 
one to one and two-thirds meters in length Dunng this time the 
flowers are closed buds upon short pedicels, and compose a closely 
compressed head covered by the bracts While a plant was in this 
stage sections were made of the flower stalk at lU basal, central, and 
top regions 

At the top of the flower stalk just below the terminal raceme the 
peduncle is narrow, and most of the tissue is parenchymatous It 
has eighteen large vascular bundles, round m cniss section and ar- 
ranged irregularly The endarch xylem is innermost, and the phloem 

m 
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contains sieve tubes and companion cells Midway of its length the 
scape IS larger m circumference Seven large bundles are m the 
center and seven more large ones outside them and alternating with 
them At the base the scape is round and still larger, with three 
senes of bundles Of these, six are long, narrow collateral bundles 
arranged in a ring around the center Six nmaller bundles alternate 
with the larger ones, outside them, and nineteen smaller ones are 
still farther outside A fifth of the way in from the epidermis a sheath 
of small compressed parenchymatous cells extends around the stalk 
(Fig 1) The epidermis is thm-walled, and no stomata are present 

Sometime in May (in the greenhouses an Ann Arbor) after several 
weeks of basal growth, the scaiie begins to elongate at the flower end 
At the same time the pedicels grow rapidly from the bottom of the 
raceme upward, and the lowermost flowers open Not more than 
four to eight flowers are ordinarily open at one time (Fig 2) , the top 
portion of the raceme w still composed of tightly closed buds (Fig 3) 
Flowering m a plant may last until late July, the upper portion of 
the inflorescence continuing to elongate as the flowers open until it 
reaches two thirds of a meter or more m length 

In the Urginea flower the three sepals and three petals are very 
much alike lu appearance, all white with a green stnpe running 
through the center, but the petals are slightly shorter and narrower 
than the sepals (Fig 4) The six stamens are opposite the petals and 
sepals, to which they are attached by their extreme lower portions 
(Fig 5) The filaments are narrow at the anther end, but broaden 
out into white, wide, fleshy basal structures They reach to the top 
of the one-parted style of the supenor ovary (Figs 6-7) The stylo 
IS long fiuid thin and has numerous hairs at its tip (Fig 8) 

The ovary is composed of three carpels, and the ovules have axial 
placentation (Figs ^10) Dissection of one carpel long!tudms4|)^^/ 
shows the nine to twelve ovules and their points of attae^lloMt 
11) The ovules are white and translucent, fainth^lfflobed, 
and narrow hut slightly at the base (Fig 12) From one |omr seeds 
mature m each, locale, the remaining ones aborting The fruit is a 
capsule, debiscmg loouUeidaily along the middle of each carpe] It 
xs brown and dry when npe, with no remnants of the style, but with 
the basal portions of the caly)c, corolla, and stamens attached 
(Fig 13) 

The npe seed is about five by three milhmeiers and is black and 
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f*harply three-angled (Fig 14) With the seed coats removed the 
seed iH white and shiny and three-angled, and the greater part is 
endosperm, the inicropyle la at one end and the hilum at the other 
(Fig 16) The endosperm ceil walls are very thick, angled, and per- 
forated by large pore canals which permit the passage of materials 
from cell to cell (Fig 17) The embryo is a straight, cylindrical, 
threadlike body and is embedded upright in the endosperm (Fig 16) 

The bracts are white, with a narrow green longitudinal stnpe, 
and are from eight to nine millimeters long and 1 5 millimeters wide 
at the widest point On the under surface are a few scattered sto- 
mata, the lower epidermis is like that of the leaf except that the 
smaller ovoid cells are lacking No stomata are found on the upper 
surface, where the epidermal cells are rectangular but shorter and 
wider than those on the lower surface The tip of the bract in c ross 
section 18 round and has one central bundle Farther down a cross 
section shows two thin projections, the sides of the bract, coming off 
from the round tip the central bundle is much larger and the xylem 
is clearly mnennost Ovoid or rhoinboidal crystals of various sizes 
fill numerous large cells, chloroplasts are present in many of the 
central cells The anatomy is the same until midway down the bract, 
where the thinner side projections liecome much expanded as the 
bract widens out within a short space * 

Senal sections were made of the pedicel from its base up through 
the ovary and style after the calyx, corolla, and stamens had been 
removed At its base occur twelve bundles irregularly arranged, and 
the greater part of the tissue is parenchymatous In the epidermis a 
large number of stomata open into air spaces The two outermost 
layers of cortical cells are loosely arranged, with many air spaces, and 
contain numerous chloroplasts They and the three or four layers 
directly inside them are of much larger ceJb than tiie remainder of 
the pedicel Large cells contammg raphides, or shorter, thicker 
crystals, are frequent 

The endarch xylem is innermost, and sieve tubes and companion 
cells are present m the phloem A short distance up the pedicel two 
adjoining bundles unite The general structure is unchanged up to 
the rotieptacle except that there are comparatively few stomata 
Where the pedicel joins the receptacle the vascular bundles split up 
into a number of smaller ones No stomata, intercellular spaces, or 
cWorophyU-beanng cells are found at this level The small bundles 
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Rive off the vm ular strands to supply the flower parts Five strands 
go to eafh sepal, three to <arh petal, and two to tach anther Just 
above this kvel seven of the small bundles are in the form of a circle, 
with the remaining mix outside them From the level of union of the 
top of the pedicel with the base of the ovary the shape of the latter 
changes gradually from round to roughly triangular, the renter of the 
carpel bemg the angle The vascular system is the same except for 
three wide strands which go off from three central bundles to the 
“angles” of the triangle The central bundles are larger than the six 
outer ones the latter are composed of but two or three xylem ele- 
ments and a large amount of phloem 

At a slightly higher level the ovary is triangular The six outer 
vasiular bundles no longer contain any xylem, they curve sharply 
toward the outside The central bundles no longer exist as such, 
instead a small area m the center is composed of pareni hyma < ells, 
similar to those which make up the greater part of the tissue Around 
it IS a large irregular circle of very small undifferentiated parenc hyma 
and phloem c ells with a few scattered trai heids Above this the three 
wide vascular strands turn upward sharply at the outer sides, so that 
in cross section of the ovary they are cut transversely Directly in- 
side and between tliem and the center arc the three locules At the 
lines of union of the three carpels the outer wall of the ovary is in- 
dented, and between the center of the ovary and each indentation is 
a small slit in the tissue The bundles whic h ln( k xylem are in pairs, 
one on each side of the indentation and split, near the outside of the 
ovary 

Farther up in the ovary the central vascular area of undifferen- 
tiated parenchyma, phloem, and xylem separates into six bundles 
arranged in three pairs, so that each carpel has one dorsal and two 
ventral bundles, all with xylem, and free from one another The 
locules are larger at this level and contain several mature ovules 
(Fig 18) A vascular strand is given off from one of the two ventral 
bundles in a earpel and extends out through the entire length of an 
ovule The indentation* in the ov ary wall are deeper nearer the top 
and extend almost to the outer end of the split just mstde The 
bundles lacking xylem are m pairs on eithtr mde of the indentations 
Each mdentation umtes at a higher level with the split inside, sepa- 
ratmg the carpels still farther The six ventral bundles, which con- 
tain only a few xylem elements, each give off a vascular strand which 
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curves upward and outward toward a, dorsal bundle The six bundles 
without xylem near the indentations do not extend so far up m the 
ovary, and hence have disapjieared The outer portions of the 
lotules are only slightly smalh r than they wen at a lower level, at a 
third of their width from the center they narrow suddenly into mere 
slits, which end in <res(eat-&haptd o|)f mngs 

\bo\ e this lcv< I the ov ary narrows rapidly , thr( c narrow lobes are 
joined at the cintral placental region The locuUs are smaller, and 
only the three creseent-shaped oiienings m thi center remain the 
\entral bundles no longer exist The vascular strands which each 
ventral bundle ga\ e off to the dorsal bundle of that carpel at a lowei 
Je\e] join and turn up and inward, extending almost to the descent 
opening The ovary gradually changij^ into a stylo three to four 
millimeters long and \(ry thm Ihe three central crescent openings 
are larger oval slits Between them and the outside the vascular 
strands curve directly upward and again appear in cross section 
The cells of the style are smaller than those of the ovary, no crystals 
of any sort occur, nor, as is also true of the ovary, any stomata The 
bundles have the endarch xylem mnermost 

\t tlie center the three slits merge into one Ihe three bundles, 
which are \ c ry small, contain but a few elements of xylem and phloem 
The stigma has a slight indication of the three Jobes, the three 
merged locular slits are small and narrow, and no bundles are in the 
tissue The entire stigmatic surface is covered with numerous hairs, 
over one hundred were counted on a single stigma They are epi- 
dermal in origin and contain conspicuous nuclei (Figs 19- 20) The 
tissue IS entirely parenchymatous and has no crystals, neither 
chlorophyll-bearing (ells nor any stomata are found The three 
sepals are white and are about ten millimeters long and four wade at 
the widest part There is a longitudinal green stnjie one and one-half 
millimeters wide their entire length, and there are five vascular bun- 
dles On the lower surface, only, a small number of scattered stomata 
are found , the epidermal layers are similar to those described for the 
bract A cross section at the tip shows one bundle, a short distance 
below this occur three bundles, and stil! lower five bundles, which 
continue to the base of the sepal The middle bundle is much larger 
than the others, many of the extravascular parenchyma cells contain 
raphides or small round or large angular crystals (Fig 21) 

The three white petals are of the same shape but slightly shorter 
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and narrower than the sepals Each one is about nine nulluneters 
long and three and ona-half millimeters wide and has a longitudinal 
green stnpe about one millimeter wide its entire length Scattered 
stomata are present on the lower surface, but not on the upper one, 
the epidermal layers are similar to those of the bract and sepal 
The three vascular bundles do not extend quite to the tip of the 
petal Cross sections midway down the length of the petal show the 
thicker mid-region and the thin sides, the ( ells are large, with numer- 
ous intercellular spaces, and contain raphides and many round or 
angular crystals of vanoua sises Tlic central bundle is the largest, 
the other two are smaller but of the same wee 

The SIX anthers are white with broad Aeshy filaments, which are 
about mx nulltmeters long and one and one-balf to two nulli meters 
at the widest region They are narrow at the base and top, but be- 
tween are broadly flared, there are no stomata The anthers are 
about two and one-half millimeters long and one and one-quarter 
millimeters wide A transverse section through the base of the 
filament shows a wide thin structure with two bundles m the center, 
the xylem is innermost The remaining tissue is entirely parenchym* 
atous, and no crystals or chloroplasts are present Higher up the 
filament is smaller and almost terete , the two bundles, still with the 
xylem mnennost, curve nearer together, and but the apace of one 
cell remains between the two xylem patches 

The filament is smaller arid somewhat ovid near its point of 
attachment with the anther The xylem of the two bundles has the 
appearance of one large strand, the bundles having united at the cen- 
ter, the piiloem areas are separate, however, and on opposite sides of 
the xylem (fig 22) The vascular tissue curves from the filament to 
the connective of the anther and extends a short distance into it 
No vascular tissue exists above this level, the oentral portion of the 
connective region is composed of parenchyma cells The cells are 
smaller and contain no Ciystala or chloroplasts Withm each pollen 
sac, when ripe, is an epidermal layer ot large cells, and, direo^y nw 
side It, a row of reotanguiar cells wbeh have numei^us bands of Bgnin 
on their walls Celis of this same type also surroutul the lew paren- 
chymatous cells m the connective area and form tiote remaindm* of 
that region (Fig 23) The mi^ure poUen gnuPs ate irreguliwiy spheri- 
cal, have a smooth exino, and are binucleate 
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SUMMARY 

1 A aiogle annual flower stalk in T manttma bears numerous 
green and white flowers in a terminal raceme Each flower is borne 
singly on a pedicel which comos off from the scape just above a 
bract 

2 All bundles of the inflorescence are collateral, witli the endarch 
xylem innermost There are one bundle in each bract, two in each 
stamen, three in each petal, and five in each sepal 

3 The general tissue of the petals, sepals, and bracts is imren- 
chymatous, with many raphides and other crystals present C hloro- 
phyll is found only in the central green-stnped regions The anthers 
are white with broad flesliy filaments 

4 The ovary is composed of three carpels, and the ovules have 
axile plaoentatlon , from one to four black, sharply throc-angU d seeds 
mature in each locule The fruit is a capsule dehiscmg loculuidally 
along the middle of each carpel 

5 Stomata are present only on the pedicels and the loiver sur- 
faces of the bracts, sepals, and petals 

UwivDiufuTy or Michioan 
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LICHENS COLLECTED IN THE PORCUPINE 
MOUNTAINS, NORTHERN MICHIGAN 


HtNRY TOWNSEND DARJINGTON 

T his paper lists a number of lichens (olloctod by the writer in 
1922 and 1923, wink engaged in studying the vascular flora of 
the region Most of the spetimens were colheted in T *51 N , R 
42 W , within a four-imle radius of Carp Lake, Ontonagon (xiunty, 
Michigan This area contains seve ral important physiographic fea- 
tures, embracing the rooky shore line of Lake Superior, a high ro( ky 
ndge paralleling the shore for several miles, prominent lulls or knobs 
such as Government Peak, and Carp River and its tributanes In 
this patx^r the high rocky ndge will be spoke n of as the “mam range “ 
It consists largely of sandstone, which is weathering off along many 
steep parts on the south aide and forming an extensive line of talus 
material at the base The region contains a gnat diversity of habi- 
tats, the most important of which are associated with the Lake 
Supenor shore and the rocky summits of the first range, at approxi- 
mately om and one-half miles back from the lake A number of 
species were found in the prime val forests of hemlock and maple that 
cover the slopes of the hills 

Apparently the only list of lichens previously published from the 
region is that of Ruthven, 1906 ' Thirteen stieeies are recorded, with 
notes on habitat and loiahty In 1931 an ccoIogKal survey * of the 
region was published in which a few sp(»cies of ecological interest were 
mentioned These, however, were not definitely listed The present 
list enumerates 73 species in 28 genera It must fall far short of the 
total number of species of this group to be found m the region 
Plants collected in 1922 were identified by the late Dr Bruce Fink, 
of Miami University Those collected in 1923 were named by loyco 

' See Adams, C C , “An Foological Survey in Northern Michigan “ Geol 
Surr Aftch , Ann Htp /or 19()5 List of lichens by A Q Ruthven, pp 7&"7d 
• Darlington, H T, “Vegetation of the Porcupine Mountains, Northern 
Michigan/* Pap ^tch 4 cod Set t Art4ti and Letiersy 13(1930) 0-66 1031 
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Hedrick^ of the University of Michigan, who also arranged the se- 
quence of famihes and genera Those species preceded by a star were 
collected by Ruth\en The detailed list with habitats follows 

List or Spi^cies 

dermatocarpaceae 
*Dermatocarpon MiKiATUM (L ) Mann 

Dermatocarpon MIKIATUM cOMPi icATUM (Light ) T Fhos — On 
\ertical rock faces along Lake Superior shore 


AliTHONlACEAK 

Arthonia radjata (Pers ) Ach — On trees 


ORAPHIDACEAE 

Graphis 8CRIPTA (L ) Ach — On bark of living trees in maple 
woods 


PANKARIACEAB 

pARMELiELf^ MicROPRn.LA (Sw ) MUll — On damp vertical cliffs 
of the main range 


STlCTArEAB 

Sticta AMPtissiMA (Scop ) Rabh — On flat surface of boulders ui 
woods and on bark of arbor vitae, frequent 
Sticta aurata Ach — On bark of dead hemlock 
*Sticta pulmonaria (L ) Bir — On ground and mosay logs m shady 
situations, occasional 


PELTIOKRACKAE 

Nephroma eaevioatum Ach — On thm soil on boulders 
^Feltigeba aprthosa (Ia) Willd 

Peetigera canina (L ) Willd — On ground m forest, frequent 
Pelttqera HORUONTALI8 (Huds ) Baumg — On hemlock logs m 
forest 

Peetigera malacea (Ach ) Funck On large boulders 
P^LTiGERA SPURIA (Ach ) DC '--On ground 
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I ECIDKAChAF 

Lkcidea contiqua E Fnes —On sandstone rock at summit of 
range, frequent 

Lkcidea ooniophila (Floerke) Schaer — On sandstone along Lake 
Superior shore , common 

Lecjdka lapicida Ach — On rotk surfaces 

*Lkcidea lucida Ach — On v<rtical shaded rotk fates of the mam 
range 

Lecidea panthwuna (Hoffm ) Ach ~ Forms 'white patches on 
exposed rocks, frequent 

Rhizocaepon DisPORtJM (Nacg ) Mull -Arg — On rocks along Lake 
Superior shore 

Rhizocaepon petraeum (Wulf) Mass — Common on bouldeis 
along Lake Superior shore This appears to lie the pioneer 
( rustose speeies on rock surfaces along the shore 

CLAOONIACKAE 

Cl-ADONIA ALPE8TR18 (L ) Rabh 

Claekinia cribtatella Tuck — On dry ground , frequent 

Cladonia dkoenerans (Floerke) Spreng — On ground along 
summit of range 

CuADONiA riMBKiATA (L ) E Fnes — On dry open ground 

Cladonxa Floerkeana (E Fnes) Sommerf — On ground 

Cladonia pyxidata (L ) Hofifm - Common on talus and on large 
conglomerate boulders along shore 
^liADONiA EANQiFERiNA (L ) Web — On ground along summit of 
range, common 

Cladonia squamosa (Scop ) Hoffm — On conglomerate boulders 
along Lake Supenor shore 

Cladonia gyLVAncA (L ) Hoffm — On ground at summit of range 
and on rocks of talus, also var ayhealna (Ood ) Vainio 

Cladonia turgida (Ehrh ) Hoffm — On dry ground 

Cladonia verwcillata Hoffm var cervioornih (Ach ) Flot — 
On earth 

SterboCaulon COEALLOIDS8 E Fnea — Frequent on soil through- 
out the area 

StEREOCAULOM PASCHALB (L ) Hoffm “Very common on dry 
talus rocks and on summit of roam range 
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OYKOPHORACEAE 

Gybophoka Dillenii (1 uck ) MUlI - Arg — On rotks 
Gyrophoka hypehbokea Ach On rocki. at summit of mam 
range 

G^rophora V Li lea (L ) Ach —On damp vertical rock faces of 
the mam range 

pkrtusariaclae 

Peuttjsaria leioplaca (Ach) Lam <k DC -On arbor \itae, 
summit of Government Peak 

Perttjbaria pebtusa (L ) Tuck — On bark of arbor vitae 
Pertusaria vllata (Turn ) Nyl — Same habitat a« preceding 
Hpecies 

LbCANORACEAE 

*Lecanoba ciNEREA (L ) ROhling — On sajidstom and tongloin- 
erate along Lake Superior shore, very conunon 
Lecanora MITRALI8 (Schreb ) Rabh var Garovaglii (Koerb ) 
Tuck — On red sandstone blocks of the talus 
Llcanoka muraus saxicola (Poll ) Tuck — On rock surfaces 
Lecanora pallida (Schreb ) Rabh - On trunk of red oak , sum- 
mit of Government Peak 

Lecanora subpusca (L ) Ach — On bark of white birches, fre- 
quent 

Lecanora vabia (Hoffm ) Ach — On sandstone rocks along Lake 
Superior shore 

OcHROLECRiA TART AREA (L ) Mass — On tree trunks 
Candelaripi la adrella (Hoffm ) Zahlbr — Common on boul- 
ders along Lake Supenor shore and on top of mam range 

PARIIELIACEAE 

Candelaria concolor (Dicks ) Arn — On tree trunks 
Parhelia capbrata (L ) Ach — On surface of trees and rocks 
♦Parhelia consperba (Ehrh) Ach — Common on rocks of the 
talus and on conglomerate along Lake Supenor shore where not 
exposed to wave action 
Parhelia ouvacea (L ) Ath — On trees 
Parmeua perforata (Wulf ) Ach — One specimen collected on 
ground in forest 
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Pabmklia physodeb (L ) Arh — On tree trunkfl 
Pahmelia qukrcina (Willd ) Vamio — On maple trees 
Parmelia rudbcta Arh ^ On rocks along Lake Supenor shore 
Parmeiia saxatius (L ) Afh — On sugar maples 
Parmelia sulcata Tayl - On trunks of trees 
Cetraria junipkrina (L ) Ach — On living trees, frequent 

USNEACEAE 

Ramaltna galicahis (L ) Rohhng — ^ Common on sugar maples 
and overhanging rocks 

UsNEA barbata (L ) Wigg — On bark of trees, common 
UsNEA plicata (L ) Wigg — On dead twigs, frequent 

i aloplacackaf 

Calopiaca eleoans (Link) T Fries - This spfiies forms from 
beautiful yellow hands on vortical rock faces of the mam range 
Caloplaca 8 IDER 1 T 1 S (Tuck ) Zahlbr — On sandstone 

TEL08C HI8TACEAE 

Teloschistes poltcarpus (Ehrh ) Tuck — On dead poplars 

BUELLIACEAK 

Buellia parasema (A(h ) De Not ^ On sugar maples 
Rinodina Bischofpii (Hepp) Mass — On rock surfaces along Lake 
Superior shore 

PHY6CIACEAE 

Phybcia LiTHOTODEs Nyl — On rocks along Lake Superior shore, 
occasional 

Phybcia obscxjra (Ehrh ) Hampc On damp rock surfaces at 
summit of range and also on trcis, frequent 
Phybcia tbibacia (Ach ) Nyl — On trees 
Anaptvchia AQUiiiA (Ach ) Mass — On bark 

u&prarjaceae 

Amphiloma LANUGiNOBUM (Hoffoi ) Nyl — On moist vertical rock 
faces of the mam range and in crevices of hemlock bark, 
common 


Miceioan Stats Collbob 
Eaut Tmnsino, MlCKiaAN 
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OUVUl A I-ARWELL 

T he plants here listed collected m Kei\eenaw, Houghton, 
and Ontonagon counties, which are m the north-central part 
of the Upper Peninsula of Michigan, in the region generally referred 
to as the ** Copper Country,’^ and m Oakland, Wayne, and Wash- 
tenaw counties, in the southeastern part of the Lower Peninsula 
The two groups of (ounties are about 450 miles apart 

The author w very much indebted to Mr E J Palmer and to 
Mr Alfred Rehdtr, of the Arnold Arboretum, Jamaica Plain, 
Massachusetts, for the identification of Crataegm trrasa and Lontcera 
prcltfertit and to Mrs Agnes Chase and Dr S F Blake, of the De- 
partment of Agriculture, for the identification of and information 
regarding Sporobolus aaper and Quizotta ahyssintca Hi wishes to 
express here his appreciation of their \ alued assistance 

List of Species 

Equisetum palustre L — All works on local floras say of this species 
"stems all alike " This condition is true only after the middle of 
June The plant grows abundantly almost at my front door, and 
I have been closely observing it for the past two or three years 
The rhiaomes, which are five or six lines m diameter, are one foot 
or more under ground , nodes are about one inch apart and give 
rise to verticils of branches, wbn h m their turn <ttmilarly bran< h 
at the nodes, so that a rhiaome three feet long and many tunes 
branched would give nse to a ventable miniature forest of stems, 
stenie and branched, fertile and simple, with < ones sessile or pe- 
duncled and every imaginable intermediate form Tlie produc- 
tion of new stems continues all through the season until autumn 
frosts lay the stems lowand destroy growth The first set of stems, 
all aimple and fertile, which appear early m May, would be taken 
by the casual observer for the fertile stems of E arrenss, they 
are pink, with black sheaths and teeth, somewhat more shining 
and stouter than those of E amnm and, hke them, wither and die 
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as soon as the spores are shed The next tiivo or three stts of 
steins that appear are more or less pmk in the upper parts, which 
die and fall away as the spores are shed, while the lower parts 
remain screen and usually semi out ono or more stenlt branches 
It IS not until the fourth or fifth set of stems appear that they 
are green throughout, after which they remain herViOceous and 
all alikt for the rest of the season Lake Linden, Houghton Co , 
no 9682, May 13, 1936, and at vanous other tunes until late m 
August 

PiNUB Strobus L , P RSBiNOBUB Alt , and P Ba.nkbiana Lamb — 
It IS a well-known fact that a poor growing season produces a 
condensed growth of wood in trees of the North Temperate Zone 
I have noticed this year (1936) that this is true likewise for the 
leaves as exemplified in theiie three species of pine, the leaves of 
the poor season of growth are much shorter and thicker and sug- 
gest hybndization Samples were collected at Eagle Harbor, 
Keweenaw Co , as follows May 10, 1936 P SirobiiMf no 11152, 
P reMnoea^ no 11153, P Bankmana^ no 11154 
Thuja occidkntaub L — Commonly called cedar in the Lake 
landen district Staminate flowers are frequently found m full 
bloom in January This spec les forms dense swamps, referred to 
as “cedar swamps " It is a commercial timber I^ke Lmden, 
Houghton Co , no 10681, Jan 24, 1935 On rocky shores, decliv- 
ities, and such places it produces stunted forms of vanous huc^i 
and shapes Forms corresponding to the following varieties have 
been collected or observed 

Var WoODWARon Spaeth, no 10673, Nov 14, 1934, 

Var PUMILA Beissn , no 10676, Nov 14, 1934, 

Var OLOBOBA Gordn Observed in inaccessible places 
TypHA LATiFOUA L VET ELATioR Oraebn , no 11071 
Ttpha LATiPOUA L Var ANGUBTIFOUA Hausskn , no 11072 

These two vaneties are found near Lake Linden, Houghton Co , 
and were collected on September 7, 1935, along with the typical 
vanety of the spectes> na 11070 The three vaneties ore aesoci- 
ated in the same, or in distinct, colonies 
AersMA PLANTAGo-AquATicA L var ameficAiiutii (R Jb S ), n comb 
{A PUmlago var atnencamm E & B , SyH , Vll 1598 1830, 
A tnvudts Ph ) — The large-leaved water plantain is frequent 
at Cliff Mine, Keweenaw Co no 459, Aug 20, 1886 
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Butomus UMBELLATtJS L — Flowenng nish Wayne Co Brow as- 
town Township, no 8742, Aug 26, 1930, Rivtr Rouge, no 8769, 
Sept 9, 1930 Both places are in marshes along the shores of the 
Dftroit River Ihis species has long hc(n natiiialized in the 
vicinity of Detroit and southward I am informed on good 
authority that it was well established befort the present century 
and that it covered acres of marshes at River Rouge btfore the 
operations of the Ford Motor Co m this region reclaimed the 
marshland and destroyed the better part of the stand There is 
nothing to prove or to disprove the bcluf that the plant was 
brought over by Cadillac’s party more than three Lcntunea ago 
and that it has been here ever since 
Panicum dkpatjperatum Muhl \ar pshophyiium hern — Fre- 
quint on sand dums at boven-Mile Point, Kewienaw Co no 
11338, lulv 16, 1936 

Phalarib arundinacfa L var picta L — fht ribbon grass of 
cultivation is an escape at Lake Linden, Houghton Co , along 
roadsides and along tin shores of Torch Lake no 10385, 4ug 27, 
1934, and no 11429, July 29 1936 
Muhlenbergia diffusa (Muhl ) O A h var attenuata (Hcnbn ) 
OAF — A rare plant in Michigan Birmingham Oakland Co, 
no 18121, Aug 29 1903 

Sporoboius abper (Mx ) Kunth {S longtfoltus [Toir] Wood) — 
Along the Michigan Central Railioad tracks at Denton, Wayne 
Co , no 9019, Oet 6, 1931 

Aristida BA6IRAMEA Eng( Im — Dry foothills of tlu bluffs at C hff 
Mine, Keweenaw Co , no 39114, Oct 1 1914 
Aobostis scabra Willd var keweenawensis (O A F ), n comb 
(A hyemaliB var feetceetMtueensis OAT, Mirk Atad Set , Ann 
Rep , 6 203 1904) — This is the variety with awned lemmas, 
and consequently w the same as TuckermaniTs A lanflora var 
montana, winch name, according to Fernald is untenable Rocky 
shores of Lake Superior, Keweenaw Co , no 600e, July 1, 1895 
Avbna fatua L Oat — On the sand beaeh at the Canal, Houghton 
Co , where it was rather scarce, no 8268, Aug 10, 1928, sandy 
hills near Lake Linden, Hougliton Co , no 10909, July 16, 1936 
Avrka fatua L var olabrata Peterm — Associated with the 
species at the Canal, Houghton Co , no $268a, Aug 10, 1928 
Dakthonia spicata (L ) Beauv var pinetorum Piper {D thermaltB 
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Scnbn) — Another western plant found m the Lake Superior 
district Kewt^enaw Co Eagle Harbor, no 6632, Aug 29, 1923 , 
Copper Harbor, nos 8491, July 14, 1929, and 11275, July 14, 1936, 
Sevcn-MiJe Point, no 11341, July 16, 1936, and Five-MiJe Point, 
no 11350, July 16, 1936 

Eraorostis pilosa (L ) Beaiiv — Waste grounds near Lake Linden, 
Houghton Co , no 11570, Sept 17, 1936 Very far north for this 
species, at least in Michigan, where it is mostly confined to the 
southern part of the state 

PoA ALPiNA L — Copper Harbor, Kewf enaw C o , no 792, Aug 18, 
1890 Not frequent 

PoA PALU8TRIS L — \bundant and variable A coarse plant with 
large, open, pyramidal panicle having 4-6-flowered purplish spike- 
lets 2^-3 lines long Shores of Ton h Lake, Houghton Co , no 
11398, July 24, 1936 

PoA PALUSTRia L var pkrtiu» (Host) Asch and Oraebn — A 
slender weak plant of shadier places with a contnuted panicle 
and 1-3-flowered green spikelets 1^15 lines long Dollar Bay, 
Houghton Co , no 9807, July 1, 1914 

Festuca RtTBRA L — Rocky woods on Hunter's Point, Keweenaw 
Co , no 11270, July 14, 1936 

Festuca baxxmontana Rydb — Keweenaw Co Hunter's Point, no 
11303, July 14, 1936, West Bluff, no 11316, July 14, 1936 

Carex gynocrates Woiuiftk — In peat bogs Eagle Harbor, 
Keweenaw Co , nos 6630, June 29, 1923, and 11330, July 14, 1936 

Carex praegraciub W l^tt — In a roadside hollqp^ln Eagle 
Harbor village, Keweenaw Co, no 11327, July 14, 1936 Dis- 
covered here by Mr F J Hermann Since this is not a typical 
jack pine plain, it probably is not the station of Professor Fernald 

Carex Exrus Dew var AWOBoayxA Dew —Spike monoecious 
Eagle Harbor, Keweenaw Co , no 11333> July 14, 1936 

Carex aerea Fern — Hitlsides at Lake Linden, Houghton Co , 
no 9688, June 7, 1934 

Carex rxigobperma IC K M — Bluffs at Cliff Mine, Keweenaw Co , 
no 737, July 7, 1890 

Carex tonsa (Fern) Blckn — Sand dunes at Five-Mil© Point, 
Keweenaw Co , no 11343^ July 16, 1936 

Carex Garbrxu Fern — Kooky shores and crevices at Hunter's 
Point, Keweenaw Co , no 11283, July 14^ 1936 
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Carlx \AHLn S<hk —Shores near Agate Harbor, Keweenaw Co , 
where it was discovered by Mr F J Hermann No 11326, July 
14, 1936 

Carbx aokea Nutt var androoyna Olney, at least in part —The 
terminal spike is monoecious Keweenaw Co Cliff Mine, no 
636, July 31, 1888, Eagle Harbor, no 11332, July 14, 1936 
Xyris MONTANA H Ric* — Muddy shores of Lake lioland, Houghton 
Co , no 10253, Aug 15, 1934 Very st arce 
JuNcus BooOTENSift HBK — Gen el Sp FI , I 235 1815 (J 
effwtus L var h ^ Sp FI t I 326 1753) — J effueue L , 

I € (var a), is J ardteus Willd , whn h must give way to the older 
name of Linnaeus The typi* ai fonn of the spt < les ih not found 
in Michigan 

JuNCirs BOGOTCKsrs HBK var comfactus (Lcj <k ourt ) O A F , 
Am Mid Nat , 10 206 1927 (J communiH C J Meyer var 
pseudoconglomeraliis OAF, Mtch Acad Set , Ann Rep , 6 205 
1904) — Frequent throughout Michigan Keweenaw Co Cliff 
Mine, no 465a, Aug , 1900, Eagle River, no 7488, July 21, 1925 
Wayne Co Detroit (Belle Isle Park), no 466b, July 10, 1893 
Houghton Co Huhbell, no 9939, July 15, 1934, Lake Landen, 
nos 8514, July 29, 1927, and 10169, Aug 7, 1934 
JvNcuB BOooTBNSiB HBK var solutuB (Fern & Wieg), n conib 
(J ejwaus L \ar sofwttts Fern & Wieg ,B/w>dora, 12 90'-91 1010) 
— The common variety of the species on the Keweenaw Peninsula 
Plants with a large open panicle Houghton Co Lake Linden, 
noe 10141, Aug 2, 1934, 10172, 10173, Aug 7, 1934, 10203, 
Aug 9, 1934, Hubbell, no 9938, July 15, 1934 Plants with a 
small, oon<lem»ed, often globular panicle Houghton Co Lake 
landen, nos 10170, 10171, Aug 7, 1934, shores of Torch Lake, 
nos 11468, 11470, Aug 11, 1936, Gregory Springs, no 11068, 
Sept 3, 1936, Launum, no 11370, July 16, X^6 
JmeuB BoqoTfiNSts HBK var Pylaei (Laharpe), n comb (J Fylaet 
laharpe, according to Fern and Wieg ^ I c 92) — Occasional 
ui Keweenaw Co Cliff Mine, no 466, Aug 1886, Long Swamp, 
no 16301, Aug 21, 1934 Belle Isle, Wayne Co , no 465c, July 10, 

KHYTRitONiUM AMBHiGANtTM Kor — III this region we have two very 
conspicuous variations of this species that could readily^be differen- 
tiate by sise of plants and flowers alone The smaller one, with 
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Kn*en leaves raottleil with paler green or dirty white, with mostly 
entire ‘stigmas, and with yellow stamens, is the typical vanety of the 
sixues, seapes are from 5 to 10 inches high, with a yellow flower 
0 7iVl 35 inches long Keweenaw Co Cliff Mine, no 391, 
June 24 1886 Houghton Co Lake linden, no 9608, May 3, 
1934, Bootjack, no 9634, May 27, 1934 Ontonagon Co 
Misery Bay, no 10716, May 19, 1935 A specimen from Lake 
Linden, Houghton Co , no lllbl , May 20, 1936, has a threc-lobod 
stigma The larger variety is one thmi to one half larger in all 
its parts, the stigma is usually threedobed, and tlic stamens an 
red, the leaves being mottled with brownish puiple It may lx 
known as 

Erythronium amehicanum Ker \ar rubrum, var nov — Plant wet 
Anns (in a i-i majonbus, anthens nibna, stigmatibus 3-lobatis 
Lake Linden and vuunty, Houghton Co , no 9607, May 3 and 
lum 1, 1934 

<,)ur local manuals say that tins species propagatt^ by offshoots 
or rhuomes from the base of the bulb I have never sc^en offshoots 
except from a first-year bulb A bulb two or more years old has 
no such offshoots, bulbs are probably four years old before they 
produce a flowenng scape Thereafter propagation is by a bulb 
m the axil of the scale surrounding the soUd bulb or corra, the 
tip of this new axillary bulb is always seeen protruding abov e the 
scale of the old bulb at fruiting time and occasionally as early as 
the close of th< flowenng penod I have seen as many as fiv( 
bulbs still adhenng one to another, four being old and nonpro- 
ductive 

IiasiPEB HiRSUTA (Mill ) O A F f albifft^a (Rand & Ridf ),n comb 
[Cypnpedtum amule Ait f aUbtflorum Rand & Redf , FI Ml 
Desert Is, p 164 1894) — Bootjmk, Houghton Co, no 9681, 
June 4, 1^4 

Polygonum Douquasu Greene - Shores of Lac La Belle, Keweenaw 
Co , no 9278, Sept I, 1932 

Polygonum achorkum Blake — Abundant m southeastern Mu h- 
igan Old roadbeds Calumet, Houghton Co, no 11512, 
Aug 14, 1936 

PoRTULACA NEOLEcrrA Mock & Bush ~ Prostrate, large leaves up 
to I 6 inches long by one half as wide near the top, and flowers 
with 16 stamens In gardens at Lake Linden, Houghton Co , 
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no 11454^ Aug 1936 In h prcviouH paper I referred it to 
P oleracea L var saliva (Ha^% ) DC , but tliw xantty w orcct and 
has only 12 stamens 

Sophia mui tifida Gihb — In aostc pJates at Cliff Mine, Keweenaw 
, no 852, July 5, 1885 llan 

Sophia intermfpia Rydb RoadMules and waste places Wayne 
Co Belle Ish, no 1358J, June 4, 1893, Romulus no 6172, 
Juni 7, 1922 I^nqutnl 

Sophia pinnata (Walt ) HowdI Roadwidfs on Belle lak, Wayne 
Co , no 1667J, June 4, 1900 Rare 

Sophia pinnata (Walt) Howtll var brachycabpa (Rk hards) 
O A F Roadsuhson Belle Ish Waynt Co, no 1721, July 2, 
1901 Frequent Vast (hangts have takin place on Belle Isle 
since I colli cted oi» it, so that 1 have no means of knowing whether 
these ( les art still to be found the n Stations for other plants, 
including Habenana Uut ophaea, ha\ t b( t n obliterated 

Arabis Holboellh Kornem — Roc kv or gravelly grounds at North 
American Mine, Keweinaw Co , no 11361, July 16, 1936 

Carpamine flkxoosa With This seems to be different from the 
ordinary nin of C penmylvammy flowers are larger and fewer and 
the capsules more widely spreading and farther apart Shore of 
lonh Lake, Houghton Co , no 11253, July 3, 1936 

Ribeb botundifolium Mx ” — In thi valley of 1 rap Rock Raver 
near Laki Linden, Houghton C^i , no 11188, June 9, 1936 This 
18 farther north and west than heretofore rejKirted for this species 
No fruit was formt d in 1936, which may hav e been due to the hot, 
dry summer 

Gkum macrophyllum Willd — C<»mmon throughout the state 

Var RydbergUf new name (G or^goiisnse Rydb ) — Similar to 
var perinnsumy Init the terminal leaflet i« orbicular, the latter v a- 
nety has not bi'en detected in this region Hotighton Co shore s 
of Torch Lake, no 11194, Juno 11, 1936 Sawmill Creek, no 
11242, July 2, 1936 

PYRUa suBVRBTiTA (Greene) O A F — A shrub or tree The larger 
shrubs may reach a height of 30 feet, with the stems as much as 
9 inches in diameter, whereas the trees may grow 65 or 70 feet 
tall, with the trunk as much as 18 inches in diameter It flowers 
and fruits as low as 1 5 feet high This is the common mountain 
ash of the Lake Superior district, in which it is everywhere abiin- 
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dant Throughout the state Keweenaw Co Cliff Mine^ no 261, 
July 5, 1885, Five-Mile Point, no 8621, July 31, 192D Houghton 
Co Lake Linden, nos 8261, Aug 1$, 1628, 9711, June 13, 1934, 
10484, 10489, and 10490, Sept 6, 1934, Hunganan Fallst, nos 
10420, 10420a, and 10421, Aug 30, 1934, and 10863, June 20, 
1935 Wayne Co Livonia, no 8330, May 7, 1929 

Pyrtjs AMERICANA (Marsh ) DC — Very scarce on the Keweenaw 
Peninsula Have collected and seen it but twice Cliff Mine, 
Keweenaw Co , no 189, Aug 22, 1884, Lake Jerrold, Houghton 
Co , no 10270, Aug 15, 1934 

Crataeoub iBiiABA Sargent — Trap Rock Valley near I^ake Linden, 
Houghton Co , nos 10620, October 9, 1934, 10692, May 14, 1935, 
and 10809, 10812, 10816, June 11, 1936 It forms impenetrable 
thickets Its location here extends its range far westward, since 
heretofore it has been reported only from northeastern New York 
and around Montreal in Quebec 

HanaoNiA tomentosa Nutt var iNTFRMioniA Peck — False heather 
The only place I have seen this plant in Michigan is on the yellow 
sand beach at Bete Gnse Bay, Keweenaw Co , where it le associ- 
ated with beach grass There is not much of either speiies or 
vanety No 9289, Sept 1, 1932 

ChIMAFHILA mtfBEILATA (L ) Baft f AMERICANA, O A F , Am Mid 
Nat , 12 71 1930 (Var ctaaUarUica 8 F Blake, Hhodora, 
19 241 1917) — Of thfe numbers listed under this forma at the 
place cited only nos 4736 and 6833 belong to it, the other num- 
btrs cited belong to the following vanety 

Chimaphila umbellata (L ) Bart var occidbntaus (Rydb ) 8 F 
Blake, f c , p 242 — Veiy abundant on the Keweenaw Penin- 
sula Blake places my no 343 m his vane^^sotlanfiea, with the 
footnote "Those specimens we remarkaj^for their ovate acu- 
minate sepals *' Smee my specimens of tos numlier have typical 
occtderUaltH calyx lobes, I think there may have been some con- 
fusion with Nichols no 861 from Cape Breton and that therefore 
this footnote aa it refers to my numW should be deleted and the 
Keweenaw pMlxt transferred to var occidenUdii Keweenaw Co 
Eagle River, no 343b, July 3, 1915, Eagle Harbor, no 11161, 
May 16, 1936, Copper Harbor, nos 34da, Get 17, 1914, 343c, 
July 8, im, 8603, July 24, 1929, and 10943, July 25, 1936, 
Hunter's Point, no 11309, July 14, 1936. Houi^iton Co Lake 
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Linden, nos 9911, July 11, 1934, 10641, 0<t 14, 1934, and 11434, 
July 37, 1936 The leaves are quite variable, often on the same 
plant, passing from linear (2 by 8 lines) through narrowly to 
broadly oblanceolate and broadly obovate (10-14 X 20-25 lines) 
The longest are narrowly oblanceolate and about 3 76 inches long 

Gac7LTHERIA PROCUMBEN8 L f suBORBicuLATA Fem — On sand 
dunes at Five-Milc Point, Keweenaw Co , no 11347, July 16, 
1936 Rare 

Primula intercedens lem — Rocky shoies of Lake Sujx^nor 
Keweenaw Co Porter’s Island, no 1614, Aug 22, 1898, Hunt- 
er’s Point, no 11281, July 14, 1936, Fagle Harbor, no 9473i, 
Aug 11, 1933 Infrequent 

Gentiana flavjda a Gr — Rare on the Keweenaw Peninsula I 
find that the anthers, united in a ring, separate when the pollen 
has been shed Humboldt, Keweenaw Co , no 10319, Aug 21, 
1934 Have also collecteii it m Oakland Co Bloomfield, nos 
4606, Sept 16, 1917, 6111 and 5112, Sept 8, 1918, with leaves m 
three Washtenaw Co Superior, no 7688, Oct 14, 1925, and 
Pittsfield, no 7831, Sept 29, 1926 

Mkrtensia panjculata (Alt) G Don — Occasional in alder 
thickets Keweenaw Co Phoenix, no 282, July 26, 1885, shores 
of Montreal River, near Mount Houghton, no 282a, June 30, 
1896 Houghton Co Trap Rock Valley, near Lake Linden, no 
10820, June 13, 1935 

Mkrtensia paniculata (Ait ) G Don var longisepala Macbnde 
— Trap Rock Valley, Houghton Co , no 11189, June 9, 1936 

Mvosotjb lax a Lehm — Shores of Torch Lake, Houghton Co , no 
11254, July 3, 1936, Parkedalc Farm, Oakland Co , no 6945, 
July 2, 1924 

MyosoTia scorpioibbb L — Escaped and established on Belle Isle, 
Wayne Co , no 2627, June 6, 1912 

Verbena bracteata Lag dt: Rodr — A prostrate herb along road- 
sides and in waste places Houghton Co Hubbell, no 9932, 
July 16, 1934, Calumet^ no 11513, Aug 14, 1936 Wayne Co 
Conner’s Creek, Detroit, no 2875, July 18, 1912 The Keweenaw 
stations extend the range of this species much farther north than 
it IS g^eraJly recorded 

Aoabtacre Foeniculum (Ph ) OK — Fragrant giant hyssop, anise 
hyssop. Found on the praine near Lake Roland, Houghton Co , 
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no 10232, Aug 15, 1934 This w farther east than heretofore 
recorded for thus Mj>e<:iefi 

Mentha canadensis L var i^nata (Piper) Pijier — Wild mint 
The fiowers are blue, and the sterns and petioles are long-pilo«e or 
lanate In the typical species the flowers are white, and the plant 
IS less pul>e«cent Swamps and shores Houghton Co Gregory 
Springs, no 10918, July 23, 1935, Hungarian Falls, no 11089, 
Sept 7, 1936, shorts of Tonh Lake, no 11426, July 29 1936 
SoLANUM R 08 TRATUM Dun — Bull n< ttle , buffalo bur In the spnng 
of 1934 one large plant was seen which had survived the win- 
ter, It had an abundance of seed, but since no new plants have 
lieeii found, the seed wore probably winter-killed Grcgoryville, 
Houghton Co , no 9601 May 1, 1934 
Utricularia hesupinata B D Greene — Sandy shores of Lakes 
Roland and Jerrold, Houghton Co , nos 10248 and 10271, Aug 15, 
1934 A rare and delicate species Associated with \yn«mantona 
and Enocaulon aquaheum 

Pt ANTAOO iNDicA L (P arenarta W dc K ) — A native of Siberia 
and of south and middle Lurope It is a very frequent plant along 
the tracks of tht Michigan Ontral Railroad in Wayne Co It is 
called fieawort and sand plantain The seeds are used m medicine 
Wayne Co Inkster, no 8979, Aug 11,1931, Sheldon, nos 8947, 
July 21, and 9011, Ott 6, 1931, Dearborn, no 8989, Aug 11, 
1931 Houghton Co Lake Linden, nos 9231, Aug 27, 1932, 
10448, Sept 1, and 10648, Oct 20, 1934 
Lonicera DouaLAsn DC , in large part (L glaucescens Rydb , sec 
Am Mid Nat ^ 11 267 1929) — In the Lower Peninsula of 
Michigan the plants are climbers, creeping over low shrubs On 
the Keweenaw Peninsula^^hey never climb, nor do the stems, 
though curved, twist about each other Thera w a difference in the 
color and «i«e of the flowers It is possible that they are two 
distinct Hiiecies Additional numbers for Keweenaw Ck) are as 
follows Mt Brockway, no 9749, June 20, 1934, Eagle Harbor, 
no 9746, June 20, 1934, Delaware, no 10945, July 25, 1936, 
Hunter’s Pomt, no 11304, July 14, 1936 The vamty with 
glandular fruit may be known aa 

Loniceba Douolasii DC var datygyna (Rehder), n comb (L 
glauceecens Rydb v dasygyna Rehder) 

LoNtCEKA vittosA (Mx ) R & S var Solonib (Eaton) Fern — Asso- 
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dated with L oblongtfoha (Goldie) Hook in bogs and swamps, 
where it is abundant in the western part of Keweenaw Co Cliff 
Mine, no 60, Aug 20, 1883, Ixing Swamp, no 1H51, July 16, 
1936 

Lonicera prolipera (Kirch ) Rehder A high t Umlier over shrubs 
Rare on the Keweenaw PemuMula Lxtends the range farther 
north than heretofore re( orded except for the lone instance of Beal 
in his Michigan Flora, where my early eolleftion is on record 
Cliff Mine, Keweenaw Co, no 858, July 5, 1895, Irap Rock 
Valley, Houghton Co , no 10892, July 9, 1935 
Boitonia astrkoideb (L ) L’H^r — Quite abundant along the 
shores of Detroit Rivor Browiistown Township, Wayne Co, 
no 8736, Aug 26, 1930 Rays varying from purplish to whiti 
Adenocaulon bicolor Hook — Beal gi\ cs but one station for 
Michigan — Ontonagon Rner It is rather frequent on the 
Keweenaw Peninsula, in moist, rich, cold woods generally of the 
mixed type In woods east of Lake lanny Hooe, Keweenaw Co , 
no 2199, Oct 7, 1910, Lake Linden, Houghton C o , where 
abundant, no 9788, June 28, 1934 

Helianthus Maximiliani Schrad Frequtnt on dry banks Hun- 
garian Falls, Houghton Co , no 11095, Sept 7, 1935 Docs not 
appear to be an introduction The dwarfed fprin with reduced 
mfioresccnct and root S 3 rst€m, var Dalyx (Bntt ) O \ 1 , was 
found near by, no 11094, Sept 7, 1935 
Quizotia ABV&BimcA (L f) Cass — Niger seed, til sud This 
plant IS a native of Afnca, where it is cultivated for its oil Ihc 
seed IS frequently in the mixture sold for food for cananes 
Mr Blake says that it is the first time he has heard of its escape 
in this country Its general appearance ih very mut h like that of 
some speciCK of Bidens, which I at first tliought it was Banks of 
the River Rouge, Wa 3 me Co , no 8786, Sept 23, 1930 
Achillea bvbalpina Greene — Rocky shores of Lake Superior at 
Hunter’s Point, Keweenaw Co, no 11294, July 14, 1936 
Matricaria Chamomilla L — German chamomile Along railways 
at Lake Jjinden, Houghton Co , no 10167, Aug 6, 1984 
Arnica Whitneyi Femald — The publication of our Keweenaw 
arnica as a new species by Mr Femald has revived interest in a 
plant long ago collected and later forgotten, since it was not con- 
sidered to be an 3 rthing new and had already been reported At 



134 


Oliver A Fanuell 


that time it was generally called A tnoUte Hook It was found at 
Eagle Harbor, Keweenaw Co , by Mr t F Wood under whom I 
first studied botany in school at Chif Mine in 1882^83 Mr Wood 
found it m 1884 and reported it as co\enng an entire side of a hill 
and making a wonderfully beautiful picture He sent specimens 
to the University of Miclugan, but since they are not there now 
tliey probably were destroyed in the fire of 1913 I have one of his 
specimens of that collection I also found it the same year near 
Copper Harbor, no 250, July 15, 1884 This was in a deciduous 
woods near the old cemetery under Mt Brockway west of Copper 
Harbor Mr F J Hermann found it in mixed woods on conglom- 
erate ground near Fort Wilkins, a mile east of Copper Harbor, 
where I collected it later, no 11268, July 14, 1936 

La KB LiNDBN, HotlOHTON CoUNTT 

Michigan 



ADDITIONS TO THE FLORA OF MICHIGAN 

CLARKNCI- H HANiJS 

T he plautH rcport<*d in thw paper are chiefly dificovcnej? made m 
1936 Some previous additions to the flora of Michigan are 
given m Mr F J Hermann's Notes on the Flora of Michigan/' 
Hkodora, 38(1936) 362-367 All species here cited were found 
growing in Kalamazoo County The credit for finding one belongs 
to Mr H R Btcker of Climax and for another to Mr Fred Rapp of 
Vicksburg The remainder arc the collections of Mrs Florence 
Hanes and the writer 

The grasses have been checked by Mrs Agnes Chase, of the 
United States Bureau of Plant Industry, the other species repre- 
sented liave been either checked or determined by Dr J H Ehlers 
or Mr I J Hermann, of the University of Michigan The Univer- 
sity Herbarium has duplicates of all except Siipa comUa 

Most of the new discovenes were made along railways and through 
highways Hero we may expect to meet with plants brought m from 
foreign countries or from other parts of the United States m stock 
litter or feed or m matenals used for packing If such plants find 
the soil conditions congenial and ore able to withstand the climate 
and the burning and mowing of the section men, they may become 
established far from their usual range The Grand Trunk Western 
Railroad has been the most prolific source for new material A few 
of the species discussed are considered indigenous to the state, al- 
though not reported prior to the present paper 

With several exceptions the species here mentioned are, so far as 
could be discovered, for the first time reported as growing in Mich- 
igan The exceptions are plants that have only rarely been found in 
the state Any new localities that can bo given for them should be 
considered an addition to the knowledge of the flora of our state 

List ov SesciBs 

Stisa comata Trin A Ru|^ — In sandy soil along the Grand Trunk 
Railway, Brady Township, northeast of Vlcksbulrg, Sept 26, 1936 

135 



136 


Clarence R Hanen 


Not over a doaen clumps of this grass were found The growth 
showing in late September was very stiff an<l wiry A few of the 
old culms were gathered, and later observation fortunately re- 
vealed one lone awn, which, together with the fact that the base 
of the still persistent panicle was iruluded m the sheath, made 
the detf rnunation possible 

Triodia flava (L) Smyth (Tndem fiavm (L) Kite he) — Along 
the Kalamaeoo^Detroit highway c ast of Kalamazoo Sept 3 and 
Sept 22, 1036 

Mrs Chast has no record of this species from Michigan Dr 
Ehlers, however, states that it is represented in the University 
Herbarium by a specimen collei ted m 1838 by the first Geological 
Survey According to Dr W J Beal,^ it was collected in the 
southeastern part of the state and is included in John Wnght’s 
Catalogue of the Phaenogams and Ftltcotd PlarUs Collected on tkc 
Geology Survey of Michigan * It is also given in Herbert’s list for 
Bemeu Co ’ 

PoA PALUDiGKNA F( m & Wieg — Brady Township north of Por- 
tage Lake, May 26, 1936, southwestern part of Praine Ronde 
Township, May 29, 1936 

Growing m wet birch-tamarack swamiw in small tufts, ofttn 
m moss Mr H R Becker’s determinations for the mosses 
found with the roots of the collected specimens of P paludtgena 
art Amblystegtum rtpanum and Elodtum paludonum {Thutdium 
paludomm), both species of very wet localitus 
Hit( hcock’g Mamud reports that it is found m only six states, 
of which Michigan is one Mrs Chase gave the ^lichigan col- 
lections as follows Dodge, 34, in 1904 near Port Huron, Wheeler 
m 1880 at Hubbardston, Beal in 1898 at Muskegon No report 
of a recent collection of this species in Michigan was given 
C ARBx sTRAMiNBA Willd (not <7 etramtnea of Oray^s Manual^ Seventh 
Edition) — Sandy soil nt ar border of blueberry swamp, School- 
craft Township, northeast of Sugarloaf Lake, July 3, 1934 
Carex aqgkeoata Mack — Schoolcraft Village, June 6, 1936 

This sedge lias been growmg for the past three years, at least, 

1 Michigan FlorOf p 47 1004 It is here listed ae TrteutpU eeaUrioide* 
(Mich ) Torr 

> lliis catalogue wae published as a legislative report lu 1830 
* Herbert, P E , Ferns and Flowering Plants of Berrien County, Miohi 
gan/’ Am M%d Nat , 15 326 1934 
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on a lawn near a wood where earices are plentiful It may be a 
native or an import in lawn mixtures 
Cabomba cakoliniana Gray Kimble Lake, Schoolcraft Town- 
ship, Aug 21, 1936, Fnd Rapp 
The discovery of CahomJba by Mr Rapp is the outstanding 
addition to the flora of the state Pre\ lously the nortliern limit 
for this sjiecies has lieen given as soutiiern Illinois Kimble Lake 
lies in the southeastern corn* r ot Schoolcraft Township It is the 
t3rp( of lakt that was not greatly afft (ted by the drought of 1936 
Mrs Hanes and the writer found C'a6om6a abundant here on 
\ugUHt 21 1936 It was growing in about six hit of water 
Some of tht plants W(r« only a fewt or two high and kwiked like 
miniature pme tnes, otliers were in blossom a foot or so below 
th< surface of the water and a few had readied the surface 
Part.H of plants, no doubt dislodged by fishermen, m rt floating 
m ar the shores of the lake Many of thesi were sending out root- 
lets along the stem This projienaity of Cabomba later gave the 
idea that Kimbk Lake might not bt tlie only kuation for thus 
plant On Octobir 31, 1936, floating siieeimens were found in 
the outlet one-half mile from the lakt On Novt mber 13, 1936, 
Portage Creek, tin inlet to Kimble Lake, was explored, and nu- 
merous plants of this species were found growing it least one-half 
mile distant by water from the lake It is quite possible, then- 
fore, that Cabmiba grows m Barton Lake in Sthoolrraft Town- 
ship and m Portagt I^ake, m St Joseph County, both of whuh 
are connected with Kimble Lake 

Mkdicaqo fal( ata L — Praane Ronde 1 ownship, along the Grand 
Tnmk Railway, one and one-half miles west of Seliooleraft, July 
12, 1936 

CuoTAiAKiA SAaiTTAiis (Dill) L — One mile tost of Sdiooleraft, 
Schoolcraft Township, Aug 3, 1936 

A small (olony of this specie s i« growing along the Grand Trunk 
Railway east of Schoolcraft The roadbed has bee n built up 
where the tracks cross a marsh, and on the sandy slope so made 
plants m flower and in seed were thriving Aftc^t^an Flora gives 
0 A Farwell credit for finding it m Detroit * 

Tkibulus terrestris L — Schoolcraft Township, two miles east of 
Schoolcraft on Grand Trunk Railway, Sept 7, 1936 

* Beal, op. eu , p 91. 
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The colony of this species comprised about twenty plants A 
later visit revealed many young plants just started, which shows 
that they were probably ''wmter^* annuals 
EtTPHORBia DENTATA Michx — Grand Trunk Railway m the village 
limits of Schoolcraft, Aug 20, 1936 
This spurge was reported by Walpole * as rare m Washtenaw 
County In Kalamaaoo County it has been seen only along our 
railways Here it is frequent or abundant along the Michigan 
Central and along the Grand Trunk and the branch of the New 
York Central lines runnmg through Schoolcraft It has been 
found intermittently for at least twenty miles on the Grand 
Trunk nght-of-way Unlike some of the other introductions, that 
are represented by a single colony, this species is well scattered 
in much of the county 

Viola tbtiaiba Schwem Schoolcraft Township, south of the vil- 
lage of Vicksburg, May 19, 1936, Portage Township, near the 
southeastern part of Austm Lake, June 16, 1936 
The plants were found m both locations on land thinly forested 
with oak In the first they were growing quite close to the edge 
of a tamarack swamp Mr Fred Happ had found these videts 
near Vicksburg previous to 1936, but had not made any written 
report of them 

Phi ox BimA Beck — Schoolcraft Township, along branch of the 
New York Central Imes one and two miles south of Schoolcraft, 
July 26, 1936 

A species rare in Michigan, according to Beal 
Linbernia amagaludea (Michx) Pennell (Jlysanthss anageUltdea 
(Michx ) Robmson) — Schoolcraft Township, cast of Gourdneck 
Lake, Aug 15, 1936 

A specimen sent to Dr Pennell was reported as the first record 
for Michigan 1 he swamp where this species grow is usually under 
water In 1934 it was completely burned over and left a black- 
ened waste for the remainder of that year During 1936 there 
was a luxuriant growth of Vufla lancedata, Roiala nmoHOTt and 
Jjudmpta potycarpat witb half of the swamp ooWred with water 
The drought dunng August of 1936 again made ihs9 swamp en- 
tirely dry, and it ww nem* where it is usu<dly the wettest that the 
Lindemia grew The plants seed abundantly 

* Walpole, B A, motn €f WwtfUetunt CeutUyt p 52 1924 
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Plantago ARENAiiiA W & K — Along the Kalamazoo-Detroit 
highway east of Kalamazoo, Stpt 3^ 1936 

This species w not recorded in Gray^s Manual^ Seventh Edition 
Only one location for the United States is given in the first edi- 
tion of Bntton and Brown S lUudtaied Flora, two are listed m 
the second edition 

Parthknium HjgpiDFM Raf {P repena Eggert) — One and one-half 
miles west of Schoolcraft, Prairie Ronde T-ownship, along Grand 
Trunk Railway, July 11, 1936 

The range of this spe< les w given as Missoun-Kansas to Texas 
The colony of these plants growing in Michigan must have found 
a congenial climate and favorable soil conditions, since it now oc- 
cupies a tnangutar space of thirty by twenty feet, with several 
hundred plants crowded closely together 
LEPACHYft conxjMNiM RA (Nutt ) MacB (L columnan« (Suns) T & 
G ) — Carap Custer, July 10, 1936, H R Becker 

Probably brought to the camp m hay from the West 
Thelbbferma TRinoUM (PoiT ) Bntton — Along the Grand Tnmk 
Railway, four miles west of Schoolcraft in Praine Ronde Town- 
ship, July 18, 1936 

This species has nearly the same natural rauge as Partkenium 
hisjndum It is more scattered in growth and occupies a larger 
space of ground Apparently it has become well established 
Centaitrea picris Pall — Pramo Ronde Township, along tbo 
Grand Tnmk Railway, one-half mile west of Schoolcraft, Aug 29, 
1936 

Probably adventive from the West, where it was introduced 
from Asia with alfalfa seed and is locally common * Minnesota 
and Missoun are apparently the easternmost states from which 
it has previously been reported 

Crepis CAPiLLARis (L) Wftllr — On a farmyard lawn m Praine 
Ronde Township, July 24, 1936 

Dr Ehlers reports that the only Michigan specimens m the 
University Herbanum are from Antrim County 

SoHOOhcHArtt Micsioar 

«Blake,S F , Two New Wasters Wseda/' 1436 1922 




A LOW LIGHT INTENSITY PHOTOELECTRIC 
DEVICE FOR THE MEASUREMENT 
OF LEAF AREAS 

miJUS P HIBBARD, BUfURD H GRIGSBY, 

AND WIlllAM G KECK 

T HREI'j y< ars ago during the course of Home physiologiral stiuhoH 
on red raapborry planta affect* d by the virus diseanc known as 
n d raspberry mosau , it was dt sired to determine the area of a large 
number of leaves on several successive days I he nature of th( 
studn s mad( it imperative to find a rapid means of area measure- 
ment 

Although a light sensitive cell has bi en available for some time 
for this purpose, Gerdcl and Salter (2) appear to have made the 
first applu ation of a photoelectric device to the measurement of leaf 
area The device reported by these investigators employed as a 
light source a balopticon operated from 110-voit curr< nt The light 
from it was projected upon the leaf, and the amount of light shut 
out by the leaf tissue was detected by a light sensitive cell Because 
of the type of current used a light of rather high intensity was pro- 
duced Leaf tissue is not entirely opaque, and a < ertain amount of 
such a light would be transmitted by the leaf and result in a con- 
siderable error in the area observed This device has a further dis- 
advant^c m that it is serviceable only m a completely darkened 
room, which makes it of rather lumted usefulness 

Frear (1) reported on a somewhat simplified apparatus m which 
Iw used as a hgbt source five 60-watt bulbs suspended above a 
photoelectric cell To secure diffusion of the hght a frosted glass 
plate and a baffle were inserted between the leaf and the photo- 
electric cell The intensity of the light falling on the leaves was 
lugh, and here again no calculation of a transmission factor was 
made 

In a device described by Withrow (4) an attempt wae made to 
eliminate the error brought about by transmission of light In it 
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twenty bulbs, of which twelve were of 100-watt capacity and eight 
of 00, were uaed aa a light source Uniform distribution of light 
was secured by inserting a Florentine glass immediately below the 
bulbs and by the use of a diaphragm below the leaves The current 
consumption of this device is approximately 1,700 watts and, there- 
fore, leads to the production of a very high light intensity inside 
the apparatus Considerable heat is also liberated, which decreases 
the accuracy of the calibration curve and is an undesirable factor 
when attached leaves are to be measured In an effort to avoid 
the error brought about by the transmission of light Withrow cal- 
culated transmission factors for a number of types of leaves He 
assumes that the apphcation of such factors will compensate for the 
errors involved, but this would nects«tate a new set of factors for 
each type of leaf to be measured and, consequently, increase the tim( 
necessary to make a set of area measurements 

The leaves of raspberry plants affected with mosaic have a charac- 
teristic mottled appearance, brought about by the formation of ir- 
regular patches of tissue with different shades of green and yellow 
These irregular areas also vary considerably in thickness With 
leaves showing this lack of uniformity it was found to be impossible 
to calculate satisfactory transmission factors The physiological 
studies on these mosaic-infeeted raspberry plants extended over a 
considerable penod and, consequently, leaves in various stages of 
development were used Tlie relative age of the leaf has a marked 
influence upon the thickness and the color, and, therefore, a new 
set of transmission factors would need to be determined to prevent 
error in area measurements due to age differences 

The instrument to be desenbed in this paper was designed to 
elmunate the necessity for calculation of transmission factors of any 
sort It was assembled m the summer of 1^34 and has been in con- 
tinuous use in a number of physiological studies on raspberry plants 
It was thought that a light d low intensity would prevent the 
transmission of light by the leaf tissue The proper intensity of 
light was secured by substituting a 6-volt storage battery for the 
110-volt current us^ m other devices by previous investigators 
Uniform distribution was obtamed by using a number of low-voltage 
bulbs and a ground-glass diffusion plate Figure 1^ Plate I, is a pho- 
tograph of the apparatus as set up for operation 

The illuminator consists of twenty-one flashlight bulbs, of 3 8 volts 
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path, set in receptacles, whuh in turn are mounted on a hght-weight 
circular wood base 12 inchts m diameter The receptacles may be 
arranged m any convenient pattern, but when the electneal connec- 
tions are made the bulbs should be divided into equal groups All 
the members of a group are wired m senes and then the groups are 
connected m parallel This parallel arrangement in senes insures 
uniform intensity of light over the cntin area of the diffusing plate 



1* 10 1 Diagram of wiring of apparatus for measurement of leaf areas 

Khy TO ABBREVIATIONS 

B — six-volt battery St — standard cell 

Ri — resistance box I — illuminator 

R« * slide-wire rheostat P — potentiometer 

R« — variable resistance G ~ galvanometer 

A — D C ammeter K — key switch 

S double-throw knife swiU h D - damping switch 

Si -- kmfe switch C phot^lectric (all 


Thw base is placed at the bottom of a hexagonal box 4 inches deep 
whose mdes are 5 inches long A cover having a circular opening 
7 mehes in diameter is provided for the box Two ground-glass 
plates are fitted into this opening, and a layer of felt is cemented 
to the cover around the opening The felt is provided in order to 
prevent injury to the leaf petioles 

A cone of polished tm, 12 inches high, 8 inches m diameter at 
the base, and 2 mihes m diameter at the apex, is placed over the 
glass plates At the apex of the cone is a wood cup turned to fit a 
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WcHton pbotronic cell This arrangt raent of box and rone was de- 
sired for raspberry leaves, but slight modifieation of strueture would 
make it appluable to other leaves Figun 2, Plate I, is a photo- 
graph of the illuminator and the com 

The photronic cell is connected to a Leeds and Northrup Student 
type potentiometer with a Weston, Model 4, galvanometer in the 
( ircuit between the cell and the potentiometer A standard cell and 
a resistance box are provided to adjust the current passing through 
the potentiometer Details of the winng are shown m Figure 1 

When the apparatus is m operation the current passing through 
the bulbs of the illuminator is kept at 5 amperes It was found 
that this amount of current passing through twenty-ono bulbs, 
though not strong enough to bnng the bulbs up to full brilliancy, 
was still sufficient to give uniform illumination at the surface of tht 
ground-glass plates 

The amount of hght transmitted by haf tissue i\as ditermuud 
by using known are^w of leaf tissue of difff rent ages and of varying 
degrees of mottling A circular piece of heavy black paper was 
placed ovtr the glass plates in such a way that all the light was 
shut off from the photronic cell A potimtiometer reading was taken, 
and it was found that an extremely low value was obtained Then 
a square opening of 25 square centimeters was cut m the paper 
licaf tissue was placed over this opening m such a way that it was 
completely covered Potentiometer readings TWire taken again^ and 
in every case the reading was the same as that given when the area 
was entirely dark One would expect to find a aero reading wht n 
the light from the bulbs was shut out, but at the time when these 
determinations were made the instrument had only a single layer 
of felt surrounding the gjass plates, and a small amount of light 
coming from outside the instrument was able to enter at the base 
of the cone The photronw cell used is very sensitive, and the small 
amount of hght produced the low reading Another layer of felt 
has since been added, and true cero readings are obtained when the 
bulbs are shut out No doubt green hght is transmitted, and there 
is also a probability that the percentage of transmission is propor- 
tional to the intensity of the source of light, but, as experimental 
evidence shows, it is evident that in the range of intensity used the 
percentage of transmission is not sufficient to necessitate the cal- 
culation of a transmission factor The photronic cell, though sensi- 
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ho 2 The illuminator, photronic eull and cone 




145 


A Device for MeasureTnent of Leaf Areoi 


tivc to green light at high intensitu^H, is not sensitive at low ones 
Also the light from the tungsten filaments is of a low order of pro- 
ductivity m the green or wave length of 520-555 

Tlu instrument was calihrated by measuring the voltage pro- 
duced by the photoelectric c ell Whc n metal disks of known area were 
inserted between the ground-glass plates With the cone and the 
cell m place over the glass plates, tlu current was turned on and 
the instruments were allowed to reach equilibrium A reading of 
the potentiometer at zero deflection of the galvanometer was then 



2 C&libratioa curve of the photromc tell 


taken Disks ranging from 1 to 7 inches in diameter were inserted 
between the glass plates, and the reading of the potentiometer at 
zero deflection of the galvanometer was observed m each case The 
difference in voltage produced by the cell caused by the blocking 
out of that area was then obtained by subtrac turn from the original 
reading These values plotted against the area schn^ted give a c urve 
which can be employcHl m determining unknown areas The curve 
obtained in this manner is illustrated in Figure 2 

Withrow (4) has shown that a straight-line type of < urve can be 
obtained by shunting a suitable resistance across the photromc cell, 
but this lowers the sensitivity of the cell Since this apparatus is 
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operated with a very low light intensity, it was thought that more 
accurate readings would be secured by retaining the full sensitivity 
of the cell rather than by having a straight-hne cahbration curve 

After the calibration curve has been established the determina- 
tion of the area of a leaf is a simple matter The leaf to be measured 
18 mserted between the ground-glass plates in order to keep the leaf 
margin from rolhng The cone is then set over the plates, the po- 
tentiometer adjusted to aero deflection of the galvanometer, and the 
voltage observed By subtracting this \ oltage from that noted before 
the leaf was inserted the change produeed by the leaf tissue can be 
found 

This value when located on the curve induates the area of the 
leaf measured The time necessary to make an area determination 
18 very short With the apparatus at equilibrium it may be less 
than one minute, dejiending, of course, upon the skill of the operator 
and his degree of familiarity with the instrument 

The cost of an instrument of this sort is not great, and it does 
have some advantages which other photoelectric devices reported be- 
fore this do not have A 6 -voIt current produces light of the desired 
intensity, and together with many bulbs of low voltage a uniformity 
of light distribution is obtained without any need of a compheated 
system of lenses, baffle plates, etc The elimination of transmission 
factors saves considerable time m calculations and also renders the 
photoelectnc method applicable to studies of leaves which are mottled, 
vanegated, or otherwise not uniform m thickness or color The de- 
vice iH especially valuable m the measurement of the area of compound 
leaver Furthermore, the adaptability a storage battery makes the 
apparatus portable and thus greatly extends its usefulness If the 
vanous parts are mounted on a suitable frame, the instrument can 
be earned to any point where plants may be growing and the area 
of one leaf or the entire leaf system of a plant determiaed without 
unduly disturbing the ];dant Many of the separate parts, such as 
galvanometer, standard cell, etc , can be obtained m one compact in- 
strument, an advantage which makes the entire apparatus smaller 
and more readily transportable 

MicaiOAN Statb Collbos 
bANsiNO, Michigan 

Nora — The paper by Kramer (3) came to out attentltm too late to be In- 
eluded m the diac^ion — Authore 
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NOTES ON NEW OR UNUSUAL MICHIGAN 

DISCOMYCETES V* 

n KANOLSF 

T his pai)er IS a continuation of rfjiorts on a survey of the dis- 
cornycetes of Michigan * rhiriten additional r< cords are given 
hero Included arc one new gc nuH and spociCH, A cervun auranhacun^ 
sp nov , one new \ ariety, L<icknea sterrorea Gill var rmcrospora^ 
var nov , and one niw combination, Dasyscyphella mtmopsts (Ellis) 
Kanouse The collections are deposited in the Herbarmin of the 
University of Michigan 


List of Species 

Acervus auraiitiacuSi ap nov* (Fig 1) — Apothecia sessile, densely 
coespitose in clusters varyuig from a few to many, much con- 
torted from mutual pressure, attachment centric to sul^ccntnc, 
arising from a black tough, rubbery sderotifortn base composed 
of thin-walked myc^Im intermingled with d4bns, reaching a di- 
amctei of 4 cm externally slightly verrucovo, soft-leathery and 
pliant when fresh, somewhat friable when dry, “capueme orange 

* Papers from the Herl>anum of the Univcsrsity of Michigan 

* See Kmiouse, B B , Notf^s on New or Unusual Michigan DwcomyceteR ' 
Pap Mich Acad Set, AHc» and LeUerSt 19(1933) 93-106, 20(1934) 66-78, 
21(1936) 97-104, 22(1936) 117 122 

* Acervtts, gen nov - Apotheciie caespitoBis, sesBihbus, vcl BubHilpitatiu m 
sclcrotifornubus radicihue, ooriaceis, Axis <^ntraltbus vel subcentriciK, coloratw 
hypotheeiis parenohymatiois, excipuhs progenchyinaticw, sporis elUpsoideiit, non 
Heptatls, hyalinis, paraphysibua crassts, irregulanter auctis, roloratis Speciica 
typioa Acertfuc auranttacwi 

Acervus aurantlacua, sp nov — Apothecus (^eapitoMis, seseilibuB in nigria 
srloroitfoimibus radicibus, coriaceis, 4 cm craesis, aurantlacis, bypoihecus 
parc»icbymatjci5, excipubs prcweuchymaticis, asris cylindracois, 100-140 X 
7-10 Ml J — , S-Bpom, sporia ellipeoidew, 0-8X3 6 — 4 M, l-guttulatis, non- 
eeptatis, hyaifnie, pataphydbus clavatis vei irregulanter auctis, 9 m erassU, auran 

Spevumen typieura in terra prope South Lyons, Michigan, A H Smith, 
5044, in Herb Univ Micb coniiervatum 

* Tho colors citod in quotation marks are thoae of IL llidgway, Color ^ftend- 
arda and Color PfomencUUurCt 1912 
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to "saJmon-orange,” hymenium ^^capuune orange*^ becoming 
‘'chestnut'^ to “Sudan-brown’* when dry^ e\pn, hypothecium up 
to 400 ii thick, parenchymatic, cells very large, thin-walled, 
loosely arranged forming a somewhat spongy layer, cells filled 
with an orange-colored substance which is soluble in water, 
exdple less than 100 m thick, prosenchymatic, loosely woven 
hyphae extending to the surface m clusters fomung minute pili, 
tinted yellow, asci cyhndnc, thin-walled, in mature asci the 
basal part collapses and the apical portion frequently becomes 
distended, dehiscence by means of a rupture of the ascus wall, 
not blumg with lodme, 100-140 X 7-9(10) S-siiored, spores 
smooth, one-celled, unisenate in young asci, frequently becoming 



Tia 1 4cemt« aurcMtUtocud, «p nov , X 1 (photograph by A H Smith) 

crowded irregularly m the tips of older asci, umguttulate, hyaline, 
ellipsoid, 6-8 X 3 5-4 /n, paraphyses cyliftdnc, stout, peg-shaped, 
tapenng upward from broad basal attachments, frequently van- 
ously and irregularly enlarged, slightly longer than the asci, con- 
tents homogeneous, colored orange, up to 9 m ui diameter 
On soil around roots of an elm tree m a bog, South Lyons, 
Michigan, October 6, 1936 Type collected by Alexander H 
Smith (S 6044) ^ Type deposit^ in the Herbarium of the Um- 
versity of Michigan 

Tilt characters of unusual interest are the sclerc^ifonn base, 
the stout parafihyses, the absence of an operculum and the prete- 
ence of a bright orange, water-soluble substance in the paraphyses 
and in the hypothecium Sections made from fresh material or 

^ The lettere "M *S and '‘K ” aeoofnpaoying the eoljectkm numbers 
mcUoate the coUectore E B Maine, A H Smith, and B j3 Kanouee, respec- 
tively 
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from dry apothecia revivtd m w ater showed a pt euhar character* 
wtic of the asci The upper portion frequently became expanded 
into subgiobose or cyhndrie heads, into which a part of the &pores 
became crowded No operculum or 8 i)eciali 2 ed pore was found 
The rupture was usually apical, although sometimes it was slightly 
below the tip of the ascus When apical it involved the entire 
end of the ascus, and tho edges sometimes flared outward giving 
the effect of an um The lower parts of the asci were completely 
collapsed, and the uppier jiarts that contained the spores fre- 
quently were broken away Many of the heads and chainhke 
lengths of spores conaistuig of from 3 to 6 sjxires were seen floating 
free in the mounting medium, held in [losition by an almost im- 
pereoptible fragment of the ascus wall 
The paraphyses are the conspicuous feature of the hy menial 
layer They are stout and peghke and project slightly beyond 
the asci, but do not form a tnie epithecium Their contents are 
homogeneous and orange-colored 
This fungus was studied most satisfactorily when the sections 
were mounted m concentrated ammonia, which prevented the 
dissolution of the coloring matter and expanded and separated 
the hymenial structures so that they could be examined When 
sections were mounted m water or m media contaimug acids the 
asci and paraphyses adhered closely, and the color was released 
so that It was practically impossible to study them 
The size and the color of the apothecia resemble those of Aleuna 
aurarUta {MUller) Fuck , but the similanty w merely superficial 
The plant doea not belong to the operculatcs The leathery tex- 
ture, the typo of asci with the small spores, the absence of an 
operculum, the structure of the apothecia, and the presence of a 
sclerottform base suggest afifimties with fungi m the Pennataceac, 
in which family it is here placed 

Ascophanus GtAtJCKLLtrB RehtD — On dung, Marquette, Sept 8, 
mi, E B Mama (M 34*111) 

CniTHBia cBispA (Pers) Hehm — On steins of Vacemum 9p , 
Oeorge Reserve, University of Michigan, Pinckney, May 7, 10^, 
A H Smith (S 38-^) 

0iaytcypli«Ua miaiopi^ (Ellis) Kanousc, (*omb nov — On bark 
of Acer mcchannum, George Reserve, University of Michigan, 
May 13, 1938, A H Smith (8 33-34) Since the do- 
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ftcnption given by Lllis is rather brief an account of our matenal 
IS added here 

Apothecia solitary to gregarious, sessile, less than 1 mm broad, 
narrowed at the base, white to pale orangf-buff externally, hairs 
conspicuous at the margin, hyaline to pale yellowish, aseptate, 
ghstenmg, more numerous at the margin, twisltd spirally, dink 
pale rose to white, drying pale orange, asei tonspieuously ela^ate- 
cylmdne, 100-130 X 10-12 /a, not bluing with iodine, 8-Hportd, 
few in an apotlufium, spiires filifoim, many-septate, hyaline, 
50^75 X 3-3 5 Ml paraphyses filiform, branched, hyaline 
A fungus was distributed by J B Ellis, No 563 in the North 
American Fungi, as Peztza (Dasysc ) mtntopitts Ell , n s It grow 
on Acer rubrum Saccardo (5) put it in the subgc nus Lnnopsis 
of the genus Ennella This position was a forced one, since the 
presence of filiform paraphyses naturally excludes the fungus 
from the genus Ennella, in which genus the paraphyses arc lance- 
shaped Ellis' New Jersey collection and our Michigan specimi ns 
are alike Both have hairy sessile apothecia, filiform paraphyses, 
and filiform spores These characters place the fungus m the 
genus Dasysc'ypheila 

Dekmatea balbamfa (Pk ) Soa\cr — On balsam sticks, Harbor 
Spnngs, June 3, 1933, A H Smith (S 33 121) 

Epiglia gloeocapsae Boud — On mat of wet leavers, Dexter, June 
28, 1930, B B Kanouse (K 376) This species is beautifully 
illustrated by Boudier (1, PI 464) The small hyaline pulvmate 
apothecia are inconspicuous on the wet leaves Microseopie sec- 
tions reveal the interesting and distinctive characters, particu- 
larly tlie numerous paraphyses curled at their apices The spores 
are olhpsoul, measure 10-13 X 7-8 Mi and contain two guttulae 
Heiotium iimokium C & P -On rotten stick, Ann Arbor, Oct , 
1931, B B Kanouse (K 255) The apothecia are cream-colorc d 
to pale yellow and are powdery externally 
Lachnea btebcokea Gill var microtporti var nov * — On dung, 
Halbert, Aug 27, 1933, E B Mams and A H Smith (M 33- 
622) The apotbeeia are like those desenbed for the species in all 

* Jboehnea aUrcona Gill var mlcrotpofo, var nov A forma typica dUTerf 
spons mlnonbus 11-13 X 6 7 M Specimen typiemm in fimo legcrunt A H 
Smith et £ B Mains propc Halbert, Mii higan In Herb tiniv Mich coneerva- 
turn cBt oub niimcro 33-522 
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r( spcots ex( ept the spore size The spow s in tin \ aru ty measure 
11-M X 5 7 yu^ wh(Ra« in the species they measure 18-24 X 
9-14 M Both the unbranehed and tlie stcllately branched hairs 
ttmt are found m th( sjiecies occur in the \anety 
Lachnum clandfstinum (Bull ) Karst — On PUrtts aquiltnaf Rock 
River, June 10, 1933, h B Mams (M 13 147) This fungus 
has been reported from Michigan previously by the writer, but 
IS inentiomd again sime this particular collwtion showed unusu- 
ally well developed crystals at the tips of the hairs The present t 
of crystals on the hairs, though not common, was noted by 
Phillips (4), who mtutions having found them in P clande^iiinum 
Bull xceptionally beautiful cruciform crystals were also ob- 
served by the author on a fungus < olleeted by Dr A H Simt h 
(8 648) at Moxhain, New York, on Mynca Gale L In tlu at- 
tempt to identify this New York fungus a eomparison was madt 
with Peziza (Doftyeiypka) sulpkurella Pk at the New York 8latf 
Museum at Albany In Dr Peck’s maUnal, which was also eol- 
h‘etid in N( w York on Mynca Gale, the cruciform (rystals wen 
abundant on the hairs Apparently this same fungus was collci t< d 
in Canada n cent ly by Dr H 8 Jackson, who sent it to Dr h J 
Seaver for identification Dr Seaver (6) identified the specimens 
as Damyficypka cmcifrra (Phdl ) Sai ( This name was giv( n to 
an English collection which likewise grew on Mynca Gale The 
cruciform crystals described by Phillips called forth a lively dis- 
cussion between Cooke (2) and Phillips (4) Strangely enough, 
Peck’s description of P sulpkuiclla was published m the same 
month of the same year as was Phillips’ description of P crucifera 
The fireprmt which eontams Peck’s description bears the follow- 
ing data on the title page “From the thirtieth Annual Report 
of the New York State Museum of Natural History for the year 
1876,” and “Published Septimbir 1878 in advance of the Re- 
port ” Phillips’ descnption appeared in the Gardenern^ Chronicle 
for Beptember 28, 1878 The two Now York collections and the 
Canadian colhction, all of which have been examined by the 
writer, appear to lie exactly hke the English fungus 
Lamprospoaa WJseoNsiNB-NSis Seaver — On soil, Saginaw Forest, 
University of Michigan, Ann Arbor, A H Smith (S 5071) 
MottmoFsra KirPARAPnrsATA (Schrbt ) Rehm — On Carez ap , 
Delhi, May 20, 1933, A H Smith (S 33-74) This is a minute 
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plant that wlu n dry resembles a sand grain The lanoe-shaped 
paraphyses are a conspicuous feature of the species 
Ombrophila MICROSPBRMA P Hcnp — On decaying stems of grass 
in seepage from a beaver dam, Big Bay, June 13, 1933, K B and 
E E Mams (M 33-304) This is a very small fungus The 
apothocia measure less than 1 mm in diameter On drying they 
flatten down to thin scales and are difficult to find The spores 
measure 7-8 (9) X \ 6-2 fi 

Phialka CAunicoLA (Fr ) Relim — On stems of Uriica sp , Rock 
River, June 14, 1933, A H Smith (8 33-480) 

Sphavrobpora BRurmcA (A & S ) Rehm — On burnt soil, Muske- 
gon, Oct 11, 1936, A H and H V Smith (S 5014) 

University or Michloah 
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OBSERVATIONS ON SPECIES OF 
BULLIARDELLA ♦ 

MARION I liOHMAN 

U NLESS carefully Hcarched for, the majority of the species of 
hywtenaceous fungi which inhabit conifers reinam unobserved 
even when twigs, bark, and wood are examined in the study of other 
fungi Characten*ed by vcrtitally compressed awigerous fructifi- 
cations which simulate miniature bivalves, they are of the genera 
Lophium, Mytilidion, and Bulliardella Some of the species have 
come to be of particular interest because of the unexpected lift cycles 
which they have shown in culture, others, for the fact that they are 
affording additional data for those who see a snmlanty of species in 
the fungi of our northern forests and the forests of northern Europe 
These notes report a study of the httle-known American fungus 
described by Cooke and ElUs (3) as Olontum nttidum Ellis, also, the 
occurrence m the White Mountaiiis of the equally httle-known species 
Hyatenum aphaertouka Karst (referred to Bulliardella by Rehm), 
which has been found on birch only in northern Europe These 
s()ecies are witbm the limits of the genus as it has been recognized in 
Europe, that w, without considering our tropical Ostreionella, lately 
treated under Bulliardella by CIc ments and Shear (2) They prop- 
erly add to North Amoncan fungi a genus which heretofore appeared 
to be stnctly European 

The httle that has been published on Bulliardella is rather con- 
tradictory C/onsequently in the present study it has been necessary 
to consider all European species of the getuis 

RKVIEW OV THE GENUS 

BulhardeUa, in the sense Of its type species, B Baccanmt Paoli, is 
of the family Mytilidiaeeae of Kirschstem (7), or of the Hystenaceae 

* For the opportunity to study type speoimerui of Hutfuirdolla jSa&inoe 
Kirsohst* and Byitrium aphttmcndea Karatao I am especially indebted to Pro- 
fpMor W Kirechstetn of wlin and Frofeeaor Harald Undberg of HeUingfore, 
rsepeoifvety 
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of most authors The name was proposed by Saccardo (Sylloge 
fungorum^ Voi II 1883) and used subgenmcally under Mytdidion to 
accommodate a fipeues M hrieare Eehm (Ascom No 216, with diag- 
nosis, 1881) whu h was pet uhar to that genus because of its two- rather 
than many-celled 8s<osparc and not readily dasstfied under Ghmium 
m his system betause of its conchiform fructification and yellow to 
brown spores In 1905, first Paoli (10) and then Sactardo {SyUoge 
fungorum^ Vol XVII) gave the name generic rank m considering the 
spiecies B Baccartmi Soon after Rehin (11) referred both spevies 
to an earlier name, Hystenum HphaenmdeB Karsten (5-6), bringing it 
under Bulhardella Kirechetein (7) later descnlied as ntw anotlier 
European speues, B Sahtmie 

Quite like these European species on conifers is Glontum mtidum 
Ellis, which has been recognized on coniferous hosts in North Amer- 
ica since 1879 It difff rs from Rehm's Myhttdton Itneare largely m 
host relationship, from Bulhardella Baccartnii Paoh, in size of 
hysterothccia, a«ti, and nscospores, from B Sabinae lurschst in 
habitat and development of the fructifications, and from Hystenum 
ephaenmdes Karst m host relationship and general morphology 

NOTES ON AUTHENTIC SPECIMENS 

With respect to Glontum mtidum Ellis, a careful study was made 
of No 570, Ellis, N Am Fungi, and No 1333, KIlis and Everhart, 
Fungi Columb , m both the Farlow Herbarium and University of 
Michigan Herbaniim, to detenmne relative uniformity of hystero- 
thecia and spores These raatenais were found to be identn al and m 
conformity with the descriptive notes by Bisby (1) on authentic 
siKscimens m the Kew Herbarium * 

The fructifications m these specimens on the bark of Charnae- 
cypans are elliptic-linear, up to 0 4 mm m length, whconchtform unth 
thin promtchymalouB toalU convergeni tn a sharp crest, as in each of the 
three European species of Bulhardella found on coniferous substrata 
Ihe spores (Fig I A, B) are yellowish hyaline to clear brown, uncon- 

* Bisby, op cU , regards as identical distribution No 670 [270] and a speci- 
men (No 3016, which was cited m the original description} from the Cooke coUec- 
tion which appears to be type or eotype matenal In considering color of spores 
alone, be perhaps lustifiaMy retains the species under Olonium It is upon 
oonsideratton of host relationship, shape, and hyphal structure of the fructifi- 
cations and shape and color of spores that the fungus appears as an American 
eouhterpart of some European species of BuUiard^a 
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Btncted, elhptu-clavaie, slightly ciirv< d, and measure (6) 8“10 X 2 7- 
3 ju In these feature s the fungus app( ars to be rather closely allied 
with Mytiltdton lineare R< hm as knoiMi to the writer through a study 
of th( onginal collcntion on dtiortuaUd pme wood (Ri hm, Ascom 
No 216, Farlow Herbarium) However, in Hehm's s|>ecmien tlie 
fructifications are more densely aggregated a little shorter, measur* 
ing up to 0 3 mm , and the ascospores arc noticeably narrower, 
measuring 10--12 X 2~'2 5 tx In siae of hysU rothecia and spores 
Af lineare and Bvlltardella Sabinae may be ( omparc d favorably, ab 



Fio 1 Asempores, as outUaed with the aid of the cam«'» lucida and diagrama 
of fruotlficationa m illustration of BiUftard^Ua nitida (FUia) Lehman (A B 
N Am hungi, No 570, and T, WisoonMn collection No 312) and BuUiardeUa 
8phaerw%de9 (Karet ) Hehm (£), original Karnten gpecimen) The approxi 
mate magnificationB of the figures are, respectively, X 1600 and X 40, as 
may be determined from the absolute scales shoun 

though there is further dinunution in the latter, wherein the frueti- 
fications are up to 0 25 mm long and the spores measure (9) 10 12 
X 2 y^t the foliicolous habit of B Sahtnae on a member of the 
Cupresseae is so much in contrast to the hgmcolous habit of M 
hneare on a member of the Abieteae that any close relationship be- 
tween these species seems improbable The small fructifications with 
their poorly developed basal walls would appear to constitute a 
rather definite specialnEation in conjunction with an obligate foliico- 
lous habitat 

According to Paoh (10), the fructifications m the onginal collec- 
tion of BuUtardelia Baccanntt are on bark of Thuja, collected in 
Tuscany Tliey are elhptic-hnear, up to 1 mm long, conchform and 
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fragile (thus undoubtedly prosenchymatous) As desonbed by Paoh 
the fructifications, asci, and spores are about as large again as m 
either Olontum mtidum Ellis or MyitMton hneare Rehm 

The fungus <m decorticated Betula (PI I), described by Karsten 
(6) in 1871 under the name Hyeterograpkium Bphmrxo/tdee (Nyl ?) 
and later (6) under the name Hyetenum ephaenotdea Karsten, which 
Saccardo recorded with the remark, ‘‘An Glomum?*^ differs from 
those on coniferous substrata m several important morphological 
features (Fig I E) well as m its host relationship Of first un* 
portance is tho fact that the walls of the fructifications are thick and 
parenchymaiouB 

The specific data related above for the five type specimens indi- 
cate, in the wnter^s opinion, that as many species are concerned 
However, it is hoped that the status and relationships of these fungi 
can be further investigated, especially ^ith regard to cultural char- 
acteristics Until now only the American species Olontum nUtdum 
has been studied in culture Isolation of BuUtardeUa ephaenotdea 
was attempted with the material from New England, but the asco- 
spores were not viable 

CULTURAL CHARACTERISTICS OF BVUIA/iO/eLlA NiTJOA 

Three specimens (Nos 172, 312, 315) which agree with Ellis' dis* 
tnbution of Olontum nUtdutn^ No 570, N Am Fungi, have lieen 
available for cultural studies * Ascospores of No 172 failed to ger- 
minate m repeated attempts, but from Noe 312 and 316 eleven 
monosponc and five ningle-ascus isolations were obtained in 1931 
These were grown on maltose-malt extract, oatmeal, Kauffman’s syn- 
thetic, and Bacto Com Meal agar media m comparison with certain 
other species for which cultural characteristics have been reported 
(8-9), particularly MytUtdum laevtueculum (Karst ) Saoc , M auetrole 
Lohman, M Thu^arum (C d P) Lohman, and M icolecoeporum 
Lohman The media mentioned, wiUi the exception of standard 
Bacto Com Meal, were prepared according to recipes already pub* 
lished (8) 

* No 172 on Thuja oeMmtalit !• , October, 1929, Ana Arbor, Michigan, 
in the writer » ec^cUon Nob. 512, 315 on Thuja ocMmiaUi L , 

1930, Red Banks, WlacooMtiit (A n. SniHb), in the Unhrereity of MiedUgen 
Herbarium, in the Fnrlow Herbarium, Harvard Univcdre^ty, and in the Wnter'e 
eoHecUoA Ascospores in No 312 are identical with IhDse in Ellis' No 575 (Fl^ I 
A-^), in fia 315 they are up to 12 m in length 
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AJl cultures of thw species i»ere strikingly uniform and produced 
only stenle myceha, with no coloration of the media The mycelial 
mats developed m the form of deep, ev< n, compact velvety cushions, 
brownish black within, externally, grayish but lx coming light brown 
With age On oatmeal and conimial media the mats were least 
erumpent, and smooth with brownish to blatk margins at the surface 
of the medium, giving th< m a bord< red apixaranu In vegetative 
cultural ohara< tenstice the spec us is grouped with Myhltdton tortile 
(Schw ) Sacc , M Tkujaruin (C d P ) Lohinan, and M reaintcola 
Lohmau, being most nearly like the last except for slower radial 
growth ratlier than with Af laevtusrulum (Karst ) Sacc , which in 
morphologitiil features would app<»ar to be closely allud with the 
conifer-mhabiting species of Bulhardella (PI II B) * 

Thus in cultural as well as m morphological features Glantum 
nitidum appears to be closely allied with conifer-inhahiting si>ecies 
of Kirschstein’s family Mytihdiaceae It is proposed, theufore, that 
this fungus be designated by the new combination, BuUtordella nitida 
(Ellis) Lehman 

DEftCRlPTIONS or 8PECIBS KNOWN 10 OCCUR IN THK 
UNITED 6TATE8, WITH NOTES 

The following technical descriptions based on authentic specimens 
will serve to identify the two species of Bulhardella known to occur in 
the Umted States 

1 Bulhardella mtida (Elhs), comb nov (Fig 1 A, B, PI 
II A) 

iOhnium miiduin Kills ex Cooke d HUs, Oretf , 8 13 1879) 

Hysterothecia superficial, membranous-carbonaceous, scattered or 
densely aggregated, cUiptic4inear, up to 0 4 mm long and 0 15 mm 
broad, subconchiform with a narrow consploucms crest, the walls thm 
and prosenchymatous, fragile when dry, pliable when wet, asci lyhn- 
dne, 45-60 X Z 6-4 6 p, with delicate, simple, or spanngly branched 
paraphyses, aacospores obliquely unisenate, elliptio-clavate, slightly 
eurv^, mostly unoonstneted, yellowish hyaline to clear yellow brown, 
(6) 6-10 X 2 5-3 ju — Diagnosis based upon Ellis, N Am Fungi, 

The records of radial growth at two months on the oatmeal medium aver- 
age 31 min W oulturee held at 1(1* C and 34 mm for those at ^ Grow th 
ratse and (hiltural aapeote of the four epeeiee rsferred to have been publiabed (8) 
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No 570, whifh, attordiDg to Bisby (1), coinpamifavorably with thr 
type specimen 

On bark of Chamaotypans, New Jersey 

This species occurs on bark of Chamaecypans, Juniperus, and 
Thuja, New Jersey, New England, and westward, probably through- 
out the region of the Great Lakes (see footnote 2) * The fructifica- 
tions are more or less hidden by shreds of the outer bark 

Aside from the apparent immaturity of the type matenal the 
species appears to be fairly uniform m measurable features However, 
there is a specimen in the Farlow Herbarium (Thaxter Waverley, 
Mass , 1887), collected on Juniperus, in which the asci are slightly 
larger than described above and the ascospores measure (10)12- 
14 (16) X 3 5-4 5 fXt It IS clear in the notes on authentic s|)ecimcns 
that extreme variability in measurable features and habit would 
result if European species were referred to this name This species 
and B kneare (Rehm) are very similar morphologically, yet it is 
known only on Cupresseae and the latter only on Abieteae B 
Baccannxi on Thuja in Italy has hysterothecia, asci, and spores twice 
as large as m our sjiecies, and B Balnnae of Germany differs in its 
incomplete wall, which may or may not be a response to development 
on leaf tissue 

2 BuUiardelU sphaerioides (Karat) Rehm (11, p 110) 
pro parte (Fig 1 /), E, Tl 1) 

{Hy^Unum sptmrmdci Karaten, Myccl fenn , II 234 1878) 

Fructifications enimpent to superficial, carbonaceouM, cieiisfly 
aggregated, oblong to circular, up to 0 6 inm long, flattf ned and wit h 
a narrow low ndge, walls thick and parenchymatous, firm even when 
wet, asci cyhndnc, 100 110 X 10 with delicate, filifonn, branched 
paraphyses, the hymenium with a pinkish tinge, ascospores obliquely 
unisenate, bioonical with somewhat rounded ends, of two pynform 
(‘cIls, deeply constnetod, pale yellow to rich brown, with or with- 
out guttulae, (14)16-16(17) X (4)6*6 ju — Diagnosis based on the 
type specimen (Karsten Betula, S&rkj&rvi, September 20, 1867) 
at Helsinki 

* Fink and Fuson (4) liave reccmled OUmtum nMum M oncurring m a 
woodlot near CrawfordsYine, Indiana^ Tlie speolmene (Ftnk No 176, Farlow 
Herbarium and TJniveraity of Michigan Herbarium) are immature Otmium 
abhrmolum (Schw ) Lohman, on decorticated wood pf Fitmau* 
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On decorticated dead 8tc m of birch, Twin Mountain, New Hamp- 
shire, occupying m aswoiiation with some Ijophiostoma the callus 
ridges of an old canker probably caused by Nectna galltgena Bres 
(No 539) 

1 he 8pe( imena from New Hampshire compare favorably with the 
typ<*, even in the pinkish coloration of the hymemum Plu fructifi- 
cations arc up to 0 4 mm long, and ascospores measure 10-12(14) 
X 4 -4 5 (6) M Although the sports arc a htth shorter, thty have tin 
same charactenstu shapt In view of the structure of the fructifica- 
tion and host relationship the species probably is not properly clas- 
sified under BulhardeUa It would ap|)ear tcpially ambiguous if 
refer! ed to Ostreionella of the West Indies, which is synonymous with 
Xenolophuim of Hawaii It may he a Schizostoma \8 already 
mentioned, for some reason now unexplainable R< hm (11) considered 
under this name BuUiardella {Myhhdum) lineare and B Bofcartmt 

The present descriptions and the notes on authentic spe cimens arc 
offered with the hope that they inav be of some value to students m 
obviating any further confusion and reference of the coiufer-mhaliit- 
iiig species to the name BulhardeUa ephaenofdes (Karst ) Rehm 

SUMICARY 

Two ascomycetous fungi occurring in the United States, one not 
previously reported, are considered under the genus BulhardeUa, 
which heretofore has l>een regarded as stne tly European The one, 
Glontum mttdum Ellis of Chamaecypans, Juniperus, and Thuja, is 
transferred to BulhardeUa in view of its cultural features and its 
general agreement with authentic specimens of conifcr-inhabiting 
specie js of the genus The other, BuUiardella spkaenotdes (Karst ) 
Rehm mutaits characl , i» reported as ha\ ing been collected on Botula 
m the White Mountains of New Hampshire, and the species is de- 
scribed on the basis of Karsten’s type The synonymy of this species 
as given by Rehm m 1912 is rejected All species of BulhardeUa are 
reviewed, a fundamental distinction m shape and structure of the 
fructification and spores between conifer and hardwood species is 
recogniaed 
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THE DISTRIBUTION OF SOME LICHENS 
IN NORTH AMERICA* 

J08IAH T lOWF 

D uring part of tho summera of 1933, 1934, and 1935 the writer 
collected lichens m the Adirtjndack n gion of New York Stat( , 
principally on or about Mt Marry near Lake Pladd, and at the 
Archer and Anna Huntington Wihl Life Forest Station at Newcomb 
and the Charles Lathrop Pack Demonstration Forest at Warrens- 
burg, the last two areas properties of the New York State College 
of Forestry Some of these colleitions have been studied, and the 
present determinations ineJude only those relatively certain and of 
special interest In addition a few notes are bastd upon study of 
specimens from otlwr hfrhana 

Grateful acknowledgment for the loan of sijeeimens for study is 
made to Dr K B Mams Director of the Herlmnum, Univirsitj 
Museums, Unnt rsity of Mu higan, and to Dr D H Linder, Curator, 
Farlow Reference Library and Herbanum of Cryptogamic Botany 
Hwrvard University Dr A H Magnusson of Goteborg, Sweden, 
gave constant help m supplying, correcting, or eonfirmiug the deter- 
minations of spocunens sent to him And Mr H W Hicks of tht 
Lake Placid Club kindly extended certain privileges while colloetions 
were bemg made about Mt Marcy 

The taxonomic concepts here employed are those of Magnusson 
(9) for the genus Acarospora, of Vainio (16-18) for the Lecideaceac 
and Cahcieae, and of Zahlbruckner (19) for the remainder All 
measurements were made from mounts immersed m 3 per cent 
KOH solution, and colors were checked against duplicate mounts 
in distilled water In the following list Cahetum pumUum var 
pamsttaater, Lecamra mon<ndea, and Rhxzocarpon reductum are re- 
potted for the first time from North Amenca, and the known range 
of the other species w extended 

* Paper from tb* Department of Poreet Botany and Pathology, New Vork 
State Cc^legS of Forestry at Syracuee Umveivity, Syraouee, New York 
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List or Si i* fits 

Acahosvoha AMERICANA H Magn —On a rock face along Ava- 
lane he Lake near Lake Placid, determination by Dr Magnushon 
who reported (9-10) the plant from Illinois, Iowa, Nebraska, 
North Dakota, Colorado, California, New Mexico, and Mexico 
It resembles A fuscata (Nyl ) Arn , but, ac cording to Magnusson 
(9), 18 distinct by reason of the “non-Iobate areolae, a negative 
C-reaction and a pale lower side ” 

Acarobpora SINOPICA (Wnbg ) Kbr — On exposed roc ks, Mt Marcy, 
elev 4,900-5,206 feet, and on rocks along the Hudson River at 
Warrensburg, elev 700 bet 1 he life eonditions differ exceed- 
ingly in the two stations, and it is unusual that a rare species 
can adapt itself to such a wide vanation Tuckerman (16) re- 
ported the plant on “alpine rooks, White MountainH,^* and Mer- 
nll (13) noW it from two stations in Marne 
Acarospora smaragplla var Lesdainii (Harm) H Magn — On 
a rock face in a gully along Marcy Brook below Indian Falls, 
near Lake Placid, the station at an elevation of 3,400 feet Tht 
only North American station give n by Magnasson (9) w in Cali- 
fornia, the species is reported, however, from Maine, Massachu- 
setts, Kentucky, and Alaska Fink (6) placed the species in 
synonymy with A cemna (Arh ) Mass ,but Magnusson (9) states 

“Besides the morphological characters there arc also micro- 
scopical and chcmKal ones, \iz the broken gomdial stratum, the 
high hymenium the distinct excipulum, the thm paraphyses, the 
narrow spores, the hyrnenial reaction with I and the thalline 
KOH-reaction, whi< h make it very distinct 

The confusion of the identities of A ermragdula (Wnbg ) Th 
Fnes and A cemna is explained by Magnusson 
Bacidia enoocyanka (Tuck ) A Zahlbr — On conifer bark, Chapel 
Pond, near St Huberts On direct companson this collection 
agreed m detail with the only other known, the origin^ one frewn 
New Bedford, Mass , collected and desenbed by H Willey The 
following description was drawn from the original collection, now 
in the United States National Herbarium at Washington, D C , 
loaned for study by Dr W R Maxon 
Thallus thin, membranaceous or sometimes slightly thickened 
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and subverrucuiosc, olivaccouH*whjtish or pab olivaceous, “oin- 
erescent” (Willey), IKI minus KOH minus Apotheeia without 
contained gomdia, solitary or occasionally few-conglomerate, ad- 
nate to moderately or sometimes strongly constricted below, 0 3- 
0 35 (0 56) mm in diameter, the disk at first plane or rather 
plane, becoming moderately convex or oicasionally varying to 
hemispherical, black, subshmy, bare, the margin sometimes visi- 
ble, black, plane, thin, soon disappearing Hypothecium above 
intense blue-black, below paler, blackish, in IKI minus, m KOH 
greenish bla^k, in HNOi (6 per cent solution) purple, the hyphac 
rachally arranged above, below irregularly arranged and lughJy 
gdatinued, with dark matter m the interstices Exciple often 
IKiorly developed, of radially arrangi d, highly gelatimzed hyphae 
with dark matter m the radial interstices Hymenmm 55 ^ jit 
high, pale blue-bla<k throughout, in KOH greenish black, in 
HNOji purple except for the blue-blaik epithccium, m IKI asti 
walls only blue, paraphyses rather easily separable, unbranched 
or once-branched, the wall gelatinized, lumen equal throughout, 
about 1 5 /u across Asei narrowly clavate, moderately thickened 
above, 60 X IS'-IO ju Spores hyaline, 8, septa usually indis- 
tinct but up to 6 seen, acicular, 20-40 X 2~3 fit ** 022-36 by 
002-4 mm ” (Willey) 

Bacidia flavoviresceks (Dicks ) Anai — Frequent m a sterile con- 
dition at higher elevations (4,700-5,300 feet) on Mt Golden, 
Mt MacIntyre, and Mt Marey, the specimens from the last 
two stations collected by Mr Alton West At lower elevations 
(2,900--3,300 feet) the plant grows on moss over boulders along 
the brooks and was found twice with apotheeia Fink (6) re- 
ported it from the White Mountains, New Hampshire 

Cai icitJM PtrsanTM var pakasitaster Bagl A Carest — On squa- 
mules of the primary thallus of Cladonta tncra$Baia Floerk at 
Newcomb The fruitmg bodies api^ear only on the killed and 
whitened squamules The stipe is black, shiny, long and slender, 
tapenng upward (length up to 1 mm , diam below 0 64-0 07 mm , 
above 0 03-0 05 mm ), without a hyaline cover, the hyphae 
parallel-arranged, strongly coherent, 2 5-3 S in diameter, the 
wall thick, heads turbinate when young, becoming turbmafce-len- 
tiGuiar or rarely lentuular, black, 0 08 0 15 mm in diameter, the 
disk black, soon convex, hypothecium hyphae radially arranged 
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no mazaedium formed , paraphyseB diBtmct, abundant, strongly 
coherent, vanable, some umform, others irregular and crooked, 
1 5-2 5 fA in diameter, above equal or sbghtly thickened Asci 
35^ X 3-3 5 /4, tfie spores arranged end to end or somewhat 
obliquely Spores pale but distinctly brown und* r the microscopt , 
plainly 1 -septate, oblong-ellipsoid or oblong with the ends rounded, 
occasionally slightly curved, not constncted at the septa, 5-7 (8) 
X 2 2 5 M Stem and head KOH minus 
Some discrepancies appear on comparison with the onginal 
description (3) The disk was described as “piano,” the stipe 
as “brevi,” and — the most senous — the spores as “elhpsoideae, 
non numquam levissime mcurvatae, 0,007 9 mm longae, 
0,003-4 mm crassae ” The size of the spores of the Newcomb 
plant agrees better with that of the species (‘Mong 0,006-0,008, 
crass 0,0025-0,003 mm *’) as given by Vaimo (17) under the 
synonymous name Emboltdtum liahcum Sacc The variety Has 
described from plants growing on Cladonta deformia Hoffm in 
the Tirol near Riva in northern Italy, and later Arnold (1) com- 
pared with It a Cahenun growmg on the squamules of Chdonia 
digtiata Schaer m the Tirol near Paneveggio 
Chaenothkca mslanophaea (Ach ) Zwackh — On old wood, New- 
comb Known elsewhere in North America from Michigan only 
(8) since Tuokerman (14) corrected his earlier report of this spe- 
cies The thalius vanes from white to greomsh gray and it usually 
gives a pale violaceous stain m KOH, but in one collection the 
thalius reaction was entirely minus 
Lkcanora iiORioiDE» Blombg — Inconspicuous and easily passed 
over, though frequent on hard vertical rock faces, summit of 
Mt Marcy, elev 4,906-5,300 feet 2Wilbruckner (19) reported 
this i^ciea from Europe only 

MYCOBtASTUs ALPiNus (E Fties) Kenust — On conifer bark, Mt 
Marcy, elev 4,600 feet Reported elsewhere m North America 
from lAbrador by Arnold (2), from Michigan by Hednck and 
£x>we (8), from Washington by M^usson (11), and fimn Alaska 
by Hednck (7) 

pABugnu BNCAtmTA (Soi ) Acb^ ^ On rock, summit of Mt Marcy, 
elev 5,300 feet Stenle Reported by Tuokomian (15) from 
Greenland, the White Mountalm/ and Colorado 
Placynthjum riABBi.i>ogoM (Tuck) A* Zabtbr ^On rock m a 
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brook bed, Newcomb The apotbecia reach an extreme mee of 
I X 1 5 mm , much larger than m the original material (0 3- 
0 66 mm in diameter) The onginal planto from New Hamp* 
shire and Vermont have been studied and an additional station m 
Minnesota is cited by Fink (6) 

Rhuocarpok lav atom (A< h ) Hazsl and f ferratum (Nyl ) Malme 
— On rot ks along tlie bed of Marcy Brook below Indian Falls, 
war Lake Placid, the stations at an elevation of 3,200^,400 feet 
The species determination was approved by Dr Magnusson and 
the form recognized by him from misdetermined material Smee 
Tuckerman did not recogmze this species in his Synopsis (16) his 
earlier report (14) may be dismissed, Merrill (12) reported the 
species from Maine and Vancouver, and the forma from Maine 

Rhizocahfon OB8CURATUM (Ach ) Mass — On rocks, suinnut of Mt 
Marcy, elev 5,300 feet Reported by Eckfeldt (4) from New- 
foundland or Labrador, by Fink (5) from Minnesota, and by 
Mernll (12) from Marne This species ts closely related to 
R lavatumt and Vainio (16) placed the latter as a forma under 
R obsniralumt here they are kept separate for the sake of clarity 
in the distnbution records 

Rhizocabpon Oederi (Web ) Koerb — On rocks at Newcomb, elev 
1,800 feet The plant usually occurs at higher elevations, Fink 
(6) reported it “cm rocks, at high elevations, Maine, New Hamp- 
shire, Oregon, and California ** 

Rhizocarpon plicatile (Leight ) A L Smith — On rocks, Chapel 
Pond near St Huberts, and frequent at Newcomb Known 
elsewhere in North Amenca from W est Virginia from an unre- 
ported specimen ui the Farlow Herbanum, oollected by Dr A W 
Evans and determined by Miss Rose Meyrowitz, also reported 
by Eckfeldt (4) under the name **Bnellia caniopsotdeum (Hepp ) 
Eckf ” from I^rador or Newfoundland Zahlbruckner (10) in- 
cluded m synonymy Eckfeldt's report of Buelha nibtacens (Am ) 
Ek^kf , surely an error since Eckfeldt^s plant is described as having 
Inlocular spores and growing on bark The spores of this species 
are described by Vainio (16) as ^'submurah-divisae septis 
transver^ vulgo 5-6, locuhs nonnuUis septo uno longitudmali 
obliquove divisu,’^ but in the American matenai exammed and 
in Am Exs No 854 (cited by Vainio) the spores usually show 
1*2, oecasionally 3, longitudinal divisions Th^ KOH reartion 



168 


Josiah L Lowe 


of the thallus (firet yellow, then reddish or reddish brown) and 
its distinctive habit serve to distinguish the species 
Rhizocarfon RKOucruM Th Fnos — On rock in a field at Warrens 
burg, the determination approved by Dr Magnusson Zahl- 
bruckner (19) reports the species ^‘m regiombus magis temperatis 
hemisphaeriae septentnonalis,” but no Amencan collections or 
published records have been seen 

New York Statu Coicuqb of Forestry 
Hyracusb New York 
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HOST SPECIALIZATION IN COLEOSiPORWM 
SOLIDAGINIS AND C CAMPANULAS^ 

tDWIN B MAINS 


I COLBOSPORtUU SOUDAGimS 

A rthur (2) lists 126 specieH m 16 genera of the Compomtac aa 
u hosts for Coleoaponum SoltdoQtnut {Sohw ) Thiim in North 
America Stimulated by difference? m infection noted in the field, 
especially between associated species of Aster and Sohdago, the 
writer conducted experiments from 1931 to 1934 to determine the host 
specialuation of this rust from different sources A number of the 
species of Sohdago used m these studies were received from Professor 
J H Ehlers, University of Michigan Other species were obtained 
locally or from various botanical gardens, the identifications >?ere 
verified when the plants blossomed 

The rust was studied from three hosts collected in the vicinity of 
Ann Arbor These were Sohdago canadensis, Ftnus reainosa^ and 
Aider novae-anghae 

A Rust from Soltdago canadenns 

To the rust from iSohda^o canadennSf S canaderme L (4 strains)/ 
and S yuncea Ait (3 strains) were very susceptible Aster prenari^ 
thotdee Muhl , Soltdago Incolor L (3 strains), S maerophyUa Pursh, 
S oktoensts Riddell, 3 patula Muhl (2 strains), S RtddeUn Frank, 
S ngtda L , and S rugoea Mill were resistant, although scune small 
tu^nia developed Aster encoides L , A laevts L , A latenjlonte 
(L ) Bntton, A nususrophyUtie L , A novae^nghae L , A novuhelgtt L , 
A pameidatus Lam, A punums L, A sagtUifolti^s Wedetxieyer, 
CaUiStephus hortensts (China aster, mixed varieties), Sohdagg BthaUn 

* Papers from tbs Department of Botany and the Herbarium of the Uni- 
veivf^ 0 ( Mlebigao, No 683 The inoeulatkm expenmentt were made possible 
ibroujfh fadUtlee furnished by the University Botanical Oardena 

* Uideas otherwise indicated, only one stram was used When several are 
ipditiated the stocks originated from seed obtained from different sources 
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r A G , iS gramtmfoha (L ) Salwb , S htaptda Muhl , S Honghimn 
r A G (6 fitrain^b ^ neglecta TAG, and S nemoralti Ait (4 
‘(trains) were highly resistant, either being without evidence of infec- 
tion or showing only flecking with a few small uredmia Variable 
results were obtained with a few species The strains studied of 
Solidogo 86OTpemrsn« L , 8 Beroiina Ait , S uhnifolva Muhl , and 
iS uhginoaa Nutt contained both resistant and susceptible plants 
Three strains of Sohdago aUismm L were very susceptible, and one 
was moderately resistant One collection of Sohdago specioaa Nutt 
was very susceptible, one was moderately resistant 

B Rust from Ptnus re9inosa 

In 1933 Ptnu$ resinosa m the plantmgs of the Forestry School, 
west of Ann Arbor, was heavily infected with the aecial stage of 
CoUosponum Sohdagtnts Inoculations were made with the following 
result Sohdago canadensis (3 strains), S ^uncea, 8 ohtoensiSf S 
ngida, and S rugosa were very susceptible, S idintfoha was moder- 
ately susceptible Sohdago pcduki, S seroitnaf S spectosa (2 strains), 
and jS uhginosa were moderately resistant Aster ertcoides, A laetns, 
A kUenfloms^ A maarophyUiis, A novae'<ingha$, A notn-htdgtXf A 
pamculatus (2 strains), A puntceua^ A sagtihjohust Calhstephua 
hortensta Cass (China aster, mixed varieties), Sohdago EUioUtit S 
gramtmfoha^ 8 neglectCf and S nemorahs (2 strains) were highly re- 
sistant One strain of Sohdago htcolor was highly resistant, the other 
was highly susceptible The latter was highly resistant to the rust 
from 8 canadenm Sohdago aUtsstmat 8 Hougkionu^ 8 juncea^ and 
8 sempervtrens showed variable results similar to those noted for the 
rust from S canadensis 

C Rust from Aster novae-anghae 

Inoculations were made from heavily rusted plants of Aster 
novae^angUae collected m 1933 Aster novae^nghaet A Ltndleyanua 
TAG, and CaUtdepkus hortensis (China aster, mixed varieties) 
were very susceptible Aster ktevts, A punxeeasj and SoHdago speetosa 
were moderately resistant Aster ertcoides, A laitef%/loTxis, A macro- 
phyUuB (2 strains), A notn-belgxif A panxciilattxs (2 strains), A 
prenanthotdes, A sagtUifolius, Sohdago dUissima, S bicoter (2 strains), 
8 canadensis (3 strains), S EUsoUiXp 8 granximfoha, 8 Houghtonxt, 
8 juncea (3 strains), 8 neglecta, 8 nmorahs (2 drains), 8 ohtoensis, 
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S patula, S ngtda, 8 rugosUf S serohnaf S ultgtnoso, and S 
folta were highly resistant One strain of Sohdago aeinpervtrens was 
highly resistant and the oth< r was moderately resistant 

It IS evident that various physiologic raees occur in this spt cies 
Tlie most marked separation is that lietween the rust on sjieties of 
Sohdago and that on species of Astei Species of Aster were not 
infected to any appreciable extent by the rust whu h found specits of 
Sohdago congenial liosts The opposite was true for the rust from 
Aster novae^^nghae The rust from Soltdago canadeinna and Finns 
reatnosa found species of Sohdago conginial hosts, but did not infect 
all species in the same manner Sohdago okioentns and 8 ngtda wen 
resistant to the rust from 8 canadenats and very susceptible to that 
from Ptnua reatnoaa That other ract s or forms exist is indicated In 
these studies, Sohdago ElltoUttf 8 neglecta, and S nemorahi# weie 
highly resistant to the rusts from <S canadenata and Ptnua leatnoea 
Arthur (1) gives these as hosts for Coleoaponum ASohdagtma How- 
ever, the differences in reaction noted within such sjxdes as Sohdago 
aUtastma, 8 aempemrena, 8 aerohna^ 8 uhmfolta^ and 8 idigtnom 
indicate that this might be cxplauied on the basis of strain difft renccs 
within the hast siiecies It would app< ar that as complicati d a sit- 
uation exists in this species as in the cereal rusts 

11 COLEOSPOBIUM CAMPANULAK (Pers ) L^V 

Coleoaponum Campanuhie occurs commonly in nortlieastcrn 
United Statea on Campanula amencana L The physiologic special i- 
xation of this rust has received considerable study in Europe (see 
Klebahn, 3) In the European studies, however, Campanula amen- 
cana was not included Consequently between 1932 and 1934 this 
investigation of the rust in the vicinity of Ann Arbor, Michigan, as 
earned out The results of repeated cultures during the three years 
may be summansod as follows Campanula amencana L , C lahfoka 
macrantha Fisch (2 strains), and C Rapunetdua L were very suscep- 
tible Campanula bonontenate L was moderately rusted Pkyteuma 
apicatum L (2 strains) was moderately resistant, the uredinia being 
small and usually accompanied by some necrosis One collection of 
Campanula Tra^eltum L was moderately resistant and three were 
highly so, no uredmia developing Campanula carpahea Jacq , C 
medium L, C patula L, C peratctfolta L (4 strains), C puatUa 
Haenke, C r&tundifoha L (3 strams),^ and C turbinata Schott were 
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highly resistant, no uredinia being produced Three strains of 
Campanula ghmerata L were studied One was uniformly highly 
resistant, two were vanable in reaction, some plants bemg highly 
resistant, others moderately resistant, with some uredima developing 
Three strains of Campanula rapuncuUndea L were uniformly highly 
susceptible, one strain was moderately susceptible One strain was 
variable, giving highly susceptible, moderately resistant, and highly 
resistant plants These were grown to maturity, and all proved to 
be Campanula rapuncuUndea 

Klcbahn (3) has reoogmsed three speciahsed forms and accepts 
doubtfully two proposed by Wagner To Cokoaponum Campanulae 
rapunculmdea he found that Campanida rapuneuUndea was very sus* 
ceptible, C {rlomerola dahunca moderately susceptible, C gUmerala 
and Phyteuma ortneulara were sparingly infected, C bonontensts, C 
carpaitcaf C lal^fclta maeraniha^ C puatlkty C rolundtfohaf C Rapun- 
culuBf C TracKeUumt and C lurbtno/a showed no mfeetion To 
Coteoaponum Campanulae TracM%%^ Campanula Traehdtum and C 
ioi^oitomocrantho were very susceptible, C hononumata^C glomerolo, 
and C gUmerata dahurtca moderately susceptible, C rapunculmdea 
was sparingly infected , and C corpoltca, C medium, C jnmflo, C 
peraiafohaf C roiundtfoUa, and C turbinaia showed no mfeetion To 
Coleoapartum Campanulae rdundufcltae^ Campanula puatlla, C rofun- 
dt/ofia, C furbinata, and PhyUuma aptcaium were very susceptible, 
C bonontenata^ C gUmmUa dahurteaf and Phyteuma orlnculare 
moderately susceptible, and C carpoHca^ C gUmeralAf C peratci^ 
fdWf C Rapunctduaf and C Trackdium showed no infeetion Wag* 
ner (4), with rust from Campanula macraniha (C lattfdta fnacrantka)^ 
obtained infection on C macroinika and negative results on C car* 
poiica, C patuht C peratctfoltaf and C Tracheltum Aecia onginat* 
ing from rust on Phyteuma aptcaium infected P apaccAum and gave 
negative results on Campant^ pahula and C rdundifcixa 

The results obtained with the rust from Campanula amertcana do 
not completely agree with those obtained with any of the European 
spemahs^ forms, and it might be concluded f hat the Am^oan rust 
m an addittonai ^eciaheed form The vanations noted In several 
of the species of Campanula, especially C rapimetMdeaf demonstrate 
that species of Campanula are not necessanly geneti^ly umfonn 
for rust reaction In Uie absence of a certainty of ^ genetic identity 
of the strains of the hosts used m dilBlerent kivestigstiona it la not 
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possible to make arcurate comparisons It is evident that there is a 
complicated situation somewhat similar to that m the cereal rusts, 
a situation brought about by the interaction of various factors for 
pathogenicity of the rusts and various factors governing the reactions 
of their hosts and vanous combinations of such factors through 
hybridisation 

The variations observed in the reaction within host species which 
have been noted m a number of studies indicate that accurate com- 
parisons are not possible unless strains of host species of genetic 
identity for rust reaction are employed m the different investigations 
It IS doubtful whether the isolation and the maintenance of such 
strains of host species are feasible except m long-continued oofipera- 
tive studies of rusts of considerable economic importance It w 
evident that too much emphasis has been placed upon the reaction of 
host ipectes not only in the separation of specialized races but also 
tn the separation of species of rusts 

UNivKBStrr or Michioan 
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MMLR n MfURILL 

T his paper w wmilar to the proeodinR out s ^ in that it i tintams 
(iesinptions of hitherto mideftcnbul sp(tieK and records of 
known species not before reported from Sumatra Among the Jattc r 
are representatives of the following genera new to the Sumatra 
flora Pseudopipturus, Roureopsis, Taeuiochlaena, Dunbana, Fu- 
kleia, Philbornia, and Picna Twenty Mjiedes are dpsenbed as new , 
the types of some are deposited in the Britton Herbarium, Ntw York 
Botanical Garden, of others m the herbarium of the Arnold Arbo- 
retum There are isotyiies of all in the herbarium of the University 
of Michigan The descriptions and records are t hiefly base d on colk c- 
tions made for Professor H H Bartlett by his nati\e tollector Rah- 
niat Si Boeea (altaa Rahmat Si Toroes), and distributed from the 
University of Michigan, but specimens collected bj Yates, Bartlett, 
Hamel, and Krukoff are also cited 

URTJCACEAE 

Pseudopipturus molUssunus (Blume), comb nov 
Vrhea moUwMma Blume, Bl^dr , 601 1B26 

P»p(uru« moUt»8imu8 Wedd , Arch Mur Hist Nat Pans 9 440 1866, 
Hook f, FI Bnt Ind , 6 689 1888, Ktdl , M Malay Penm , 3 367 
1924 

Ptpiurus repandus Wedd var Koord A Valoton, Meded Dep 

Landbouw Java, 10 720 1010 (Budr BoomiKjort Java, 12 729) 

SuMATHA, East CJoast, Asahan, Fates 1:8180^ Silo Maradja, Bar(~ 
leU 84SS^ Apnl-June, 1927, RahnuU 6Sy Dec , 1927, Hoeta Padang, 
Krukoff 444^ f I^oc 4, 1932, Tapianoeh, Hatiran, and Sopsopan, 
Rahmai 47^7, 4777, 6138, June^July, 1933, local name andor 

honhon Malay Peninsula, Java 

‘ Merrill, h P , “New Sumatran Plante I, Pap Mich Acad Sn , Artt 
and UtUra, 19(1033) 149-203, pla 16-36 1984, 11 thid , 20(1934) 05-112 
1986 
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ARISTOLOCHIACEAE 
Apama sumatraiuti Bp nov 

Suffrutiooaa, eauUbua 3-4 mm diametro^ longitudinaliter sulcatia, 
glabrm, partibus ulilmia 2 mm diam<»tro, consperne hirsutis, foliis 
chartaceis vel subconaceis, siccitate pallidis, Bupra laevibuB^ glabna, 
subtus hirsutiBj ob]ongo-elhpticiBf acutia vel obtusis, baai latissime 
acutis vel rotundatiB, Hubtrinerviis, nervjs primania utnnque 8-10, 
BubtuB perapicuiB, elevatis, aecundanis subparallelis cum retioulis ul- 
ttmiB elevatis perspicuis, petiolo 3-4 mm longo, plus minusve hirsuto, 
raceniiB axiUanbus et in axillis dcfohatis, 3-8 cm longis, hirsutis, 
bracteolis numemsiB, oblongo-oblaneeolatis vel spatulatis, hirsutis, 
circiter 3 mm longis, penoBtentibus, pedicellis saJtem 6 mm longis, 
penanthi segmentia 3, oblongis vel oblongoovatis, 10 mm longts, 
6 mm latw, acutis vel subacutis, extus parcwsime breviter hirsutis, 
intus glabns, reticulatiSi staminibus 6, Insenatis, filamentis 1 5 mm 
longis, anthem 2 5 mm longis, anguste oblongis, rostratis, fructibus 
cylmdraceis, circiter 7 cm longis, 5 mm diametro, glabrts, irregu- 
lanter subtorulosis, pedicelhs leviter mcrassal^, 12 mm longis 

SuMATHA, Tapianoeli, Padang Si Dlmpoean, Padang Lawas, 
Poelo Liman (topographic sheet 41), Rahmat 5269 y Aug 17-24, 1933 
Allied to Apama Umentoaa (Blume) Engl , but with elongated stems, 
more numerous, differently shaped, more numerously nerved leaves, 
and differently shaped bractooles As in other species of the group, 
apparently only one or two flowers mature at any one tune 

CONNARACEAE 
Rourea oligophlebia, sp nov 

Frutex scandens, partibus junionbus et inflorescentiis et subtus 
foliis breviter pubescentibus, ramis ieretibus, glabns, ramuhs ultumis 
circiter 3 mm diametro, fdua 15-30 cm longis, folioUs 7-13, obkmgis 
vel oblongo-elJiptieis, obtusis vel rotundatis, biuii subaeutis, obtusis, 
vel rotundatis, 7-11 cm longis, 2-4 cm latis, conbeehi vd subcon- 
aoeis, supra glabns, olivaoms vel pallidis, subtus pallidi<u4bus, brevi- 
ter consperse pubescentibus, nervis primards utnnque eiimter 4, 
adsoendentibus ve) curvato-ddscendentilw, subtus elevatis, per* 
spicuis, baud anastomosantibus, tnfloreaoeht^ tennlnahbue, breviter 
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pubescentibus^ paniculatis, clongatis, circitcr 25 cm longi8> ramiH 
laterahbus subfasoiculati**, circiter 4 cm longis^ flonbus nuxnerosis, 
circiter 4 mm longia, scpalis oblongo-ovatw vel obkmgo-lanceolatia, 
acuminatis, cxtui pubescentibus, 3 5 mm longis, pctali» quam sc- 
palis paullo iongionbuti, filamentia glabns, brevibim^ Htylis filiformi- 
bus, subcxsertia, ciroiter 4 mm longis, fniotibus ellipaoideis, glabns, 
subaequikteralibus, baud compremta, orcitcr 2 cm longis, 1~1 5 cm 
diamotro, rotundatis vel obtusis, sepalw persistentibus, glabns, con- 
aceis, accreRcentibufi, ovatiB, circiter 5 mm longis latisque 

ScrifATRA, Tapianoeh^ Padang Si Dunpoean, Padang Law^aS; 
Hoeta Imbaroe (topographic sheet 41, northwest corner), ReJmat 
4686 f 4^1 8 f June-July, 1933, East Coast, Asahan, Boenggapa to 
Pargambiran, Bartlett 8161 , May 22, 1927, Bila, Ooenoeng Soeasah, 
near Rantau Parapat, Rahmat 8068^ 8848 (type), March May, 1932, 
Loemboen Ria and Hoeta Bagasan, Rahmat 6776^ 7897 y Feb -Apnl, 
1934, and Sept , 1934 — Feb , 1935, local name andor garoenggang 
Charactensed particularly by its oblong to oblong-elliptic leaflets, 
which are obtuse or rounded at both ends and with few conspicuous 
ascending lateral nerves, as well as by its practically equilateral 
fruits, which are not at all compressed or falcate 

Roursopsis JAVANICA (Blume) Planch , Linnaea, 23 424 1850 

Connontf ^avonicu# Bhdr , 1166 1826 

i^iarea ^owmica Blume, Mus Bot Lugd Bat , 1 262 1850 

Sumatra, East Coast, Koealoe, Aek Sordang, Bartlett 8888^ e894y 
March, 1927, Laboehan Batoe, Kota Pinang, and Bila, Rahmat 8016 y 
8879, 8869, 8481, 8506, 8599, 8746, 8818, 8989, 4095, 414'!'. 4940. 
March-May, 19^, Tapianoeli, Padang Si Dimpoean, Padang 
Lawas, Rahmat 4609, May-June, 1933 Java A new record for 
Sumatra 

TaRniochlaena OKimTBii Hook f , in Benth Jb Hook f , Gen 
Pl„ 1 434 1862, Hook f, FI Bnt Ind , 2 55 1876, Oliv , 
Hook lo , 24 t 23^ 1S95» KidI , FI Malay Penuv, 1 554 
1922 

Sumatra, Tapianoek, Padang Si Dimpoean, Padang Lawas, 
Sop6<^;Nm, on the Aek St (Hip, Rahmat 5048, July, 1933 Malay Pen* 
ixumla, A new recotd for Sumatra 



180 


Elmer D Memll 


LINACEAE 

Knki eia MAXJLCCfiNfiiB Gnff , Cttlc Journ Nat Hist , 4 234 1844, 
in nota Walp , Ann , 1 588 1848-49, Hall f , Med Rijks 
Herb Leiden, 44 24 1922, Rtdl , FI Malay Pemn , 3 147 
1924 

Enklffta malayana Griff , Notul , 4 363 1864 

Ltnosioma Bcandens Kurs loum Aft Sor Hengal 39 (2) 83 1870, Lc- 
PI G4n IndoChine, 6 174 1916 
lAnoMtoma atamen^t Kurz, op at , 82 

Sumatra, East Coast, Laboehan Batoc, Kota Pinang, 8i Mandi 
Angin, Rahmat 4099 ^ Apnl-May, 1933 Siam, Indochina, Malay 
Peninsula, and Borneo A new record for Sumatra 

PaiLBORNhA MAGNiFOLiA (Stapf) Hall f , An h Necrl Sci , III B, 
1 110 1912, Report Sp Nov, 13 415 1914 

Durandea moffni^olxa Stapf Hook Ic , 29 t 2822 1906 

Sumatra, Tapianoeli, Padang Si Dimpoean, Padang Lawas, 
Rahmat 5069 ^ July, 1933 Borneo This new record for Sumatra is 
based upon a rather unsatisfactory speciinen The other known 
spities of the genus is P palawamca Hall f of the Philippines 

RUT ACE A E 

Acronychia Portebi Hook f , FI Bnt Ind , 1 498 1875, King, 
Journ As Soo Bengal, 62(2) 215 1893 (Mater FI Malay 
Penin , 1 467) , Ridl , FI Malay Pemn , 2 348 1922 

Sumatra, East Coast, Asahan, Loemhan Ria, Rahmat 7976^ F cb * 
Apnl, 1935, local name kajoe modang aaltk Malay Peninsula The 
nerves are ft wer than in A launfoha Bl ( « A peduncidoUa (Linn ) 
Miq ), and the ovanes and young fniits are glabrous or nearly so 

EIvoniA sambucina (Blume) Hook f , ex Koord A V aleton, Meded 
Lands Plant , 17 216 1896 (Bijdr Boomsoort Java, 4 216) 

Phdagonia mimbittiina Blumo, Cat Oew Bmtensorit^ 20 1823, Bljdr , 260 
1825 

Phtlagonia procero Bfume, ex Neez, Flora, 8 126 1825, DC, Prodr 2 
00 1825 

PMooonia aamhuafolta Blume, ex Dodc, Bull Boo Bot France, 66 701 
1906, m tyn 

Evodka $aftA%ta/ol%a Dode, 1 e 
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Sumatra^ Laist Cotu<t, Awahan, in th< Masihi torewt Reserve, 
Krukoff 4^4^ f Nov 3, 1912, in primary forest Java Koorders and 
VaJoton first published the binomial Mvodta mfnbucina (Blume) Hook 
f , which escaped the attention of the compilers of Index Actecnm, 
they erred in citing as synonyms th< vt ry different Tetradtunt tnehO" 
Umum Ijour («* Evodia tnchotoma Pierre) and Evodia fraxtmfolta 
Hook f Blume actually published this as Phtlagonta sambunna m 
1823, but two years later Nees m his extensiv e and cntical rev lew of 
Blumt's early papers published it as Pkilag<mta procera Blume, as 
did de Candolle It seems that Nees and de Candolle had access to 
authentic specimens bearing a herbarium name projKisetl by Blume 
but abandoned in favor of P aambucina when he actually pubhshtd 
Nees republished many of Blume’s descriptions often amplified, and 
sometimes with critical notes, since he had access to authentic sp< ti- 
rnens It is desirable, then fore, in studying Blume’s too hnefly 
charaetinxed species to refer to Nees’ redescnptions for suppkmen- 
tary data Nees’ work is more generally acc(s>sible than Blume’s 
rare “Catalogus ” (See Flora, 8 97 112, 113-125, 129-160 1825) 

Evodia megistophylla Momll, sp nov 

Ut videtur arbor parva, rainuhs ct inflonsfentns et fohis subtus 
inolliter pubescentibus, ramuhs ultimis circitcr 1 cm crassis, folns 
3>foliolatis, Jongissime petiolatis, petiolo 22-30 cm longo, crasso, 
dense breviter pubescenti, fohohs chartaceis vel subconaceis, elhpti- 
cis vei late oblongo^Ihpticis, acuminatis, basi late acutis, 25''35 cm 
longis, 12'14 cm latis, supra, costa exceptn, glabns, ohvacds, nitidis, 
Kubtus molhter cons|ier»e pubtscentibus, paullo pallidioribus, costa 
crassissima, eJevata, nervm pnmanis utrmque 11-14, subtus ilcvatis, 
valde inrspicuis, laxis, petiolulis crassis, pubestentibus, 1-2 (m 
longis, jianiculis axillanbiis, pcdunculatis, denst pubescentibus, cir- 
citer 15 cm longis, ramis pnmanis usque ad 7 cm longis, flonbus 
numeroHis, 4-mens, in ramuhs ultiinis plus mmusve confertis, pedi- 
cellis dense pubescentibus, 2 mm longis, sepalis extns dense pube- 
scentibus, ovatw, acutis, 1 mm longis, petalis extus in partibus 
medianiH sdpresse pubescentibus, elhptico-ovatis, acutis, 2 5^ mm 
longis, filamentis 4 mm longis, disco dense pubestenti 

Sumatra, East Coast, Asahan, near Loemban Ria, Pahmat 74)5, 
7504 (type), 7501, Feb Sept , 1934, loi^l namcnj ka^oe modmg: gio^, 
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kajoe modang stak 1 bis form, characterised by its very large, long- 
petjoied leaves, which are laxly and very proimnently reticulate 
beneath, and by its indumentum, has been confused with the collec- 
tive species, Evodxa lati/gka DC , the type of which was an Amboina 
plant desenbed and illustrated by Eumphius The present species 
28 represented by a number of Hahmat’s earlier (Elections, including 
iS77 from Bila, 760$ ^ tSOl from Koealoe, and 6$98 from Tapianoeh 
Although de Candolle's species is currently supposed to have a very 
wide distribution within Malaysia, I have no evidence that the form 
Kumphius originally desenbed occurs in either Sumatra or the Malay 
Peninsula To judge from Kuorders and Valeton's amj^ed desenp- 
tion of aocedene B1 , this Sumatran species is allied to the 

latter rather than to E lahfolta DC 

Clausena platyphyUa Mernll, sp nov 

Arbor parva, novellis et fohis juiuonbus ad costam nervosque 
obscure puberuhs, glabrescentibus, ramis teretibus, glabns, uitinus 
4 mm diametro, fohis 55--65 cm longis, piimatis, fdiohs circiter 10, 
inter se 2-10 cm distantibus, chartaceis, oblongss vel obiongo-ovatis, 
leviter inaequilateralibus, mtegns vel c^oure irregulanter dentatis, 
apice tenuiter acute acummatis, basi aeutis, jimioribus utrmque ad 
costam nervosque puberulis, vetustioribus ^bns, 14-18 cm longis, 
5^0 cm latis, siccitate sUpra subviridibuS; nitidis, subtus palhdioHbus, 
glabns, distmcte glanduloso-punctaiis, nervis primal utnnquc 
cireiter 12, subtus elevatis, perspiculs, juxta ad margmem obscure 
curvato-anastomosantibus, petiolubs 8-5 mm longis, paniculis 
angustis, 15-20 cm longis, puberulis^ pedunculatis, ramis pnimanis 
paucis, distantibus, sub anthesm citoiter 1 cm longis,^ flonbus in 
ramuhs ulthnia subcymosis, floribus 5mens, pediceliatis, sepahs 
acutis, petalis 5, elllpticis, glabiis, paucipunctatis, 4 mm longis, 2- 
2 3 mm latis, stammibus 10, filamentis glabrls, 2 mm longis, deor- 
sum planis, 0 5 mm latis, anthens eUipticis, 1 5 mm longiS; ovano 
consperse pubescenti, apice gUndulis 5 perspicuis albidis cm^onato, 
styhs crassis, glabns, 1 2 mm longis 

SuvATBA, East Coast, Asahan, near Hoeta Bagamn, Eaknuid 60$$ 
(type), Sept -Feb, 1035, local name sanndan Possibly 

represents the fumis species, the speetmen is juSt beyond 
aulbesis, and has subracomose rather than cymose very young fruits 
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To be comi>ared with the latter i<? RahnuU 1388^ lS88a from Damoeli, 
Koealoe, Sept , 1928, a form with somewhat narrower leaflets, 3 to 
4 5 cm wide and up to 17 cm long, and with elliptic, glabrous, prom- 
inently glandular fruits 9 mm long Ponsibly allied to Claitsena 
Forbesit Eng! , type from Sumatra, of which no formal description 
seems to have been published, indicated Viy Engler as having leaves 
about 1 m long (>f this I have seen no sjiet imetm 

ICACINACEAE 
Oomphandra doUchocarpa Mernli, sp nov 

Ut videtur arbor parva, ramulls et inflorescentns puberulia, ramis 
teretibuH, glabns, foliw suboonaceis, oblongis vel oblongo-ellipticis, 
glabns, 16-25 cm longis, 6 6''8 cm latis, jk rspu ue acuminatw, basi 
acutis, siccitate supra ohvaoeis vel olivaceo-vindibus, nitidih vel 
opacis, subtiis pallidionbus, plerumque palhde brunneo-olivactis, 
utnnque glabris, nervis pnmonis iitnnque oireitcr 10, subtus iier- 
sptcuift, elevatifl, juxta ad margmem perspicue cur\ato- vel arcuato- 
anastomosantibus, retioulis laxis, petiolo circitcr 1 cm longo, 
inflorescentus axiilanbus, densis, puberuhs, brcviter pedunrulatis, 
dense multiflons, quam petiolo multo brevionbus, cymoso-rapitatis , 
flonbus sessihbus vol brevwwime pedicellatis, calycibus cupulatis, 
truncatis, glabns vel obscure pubesoentibus, (irnter 1 5 mm dia- 
metrO; petalis 5, oblongis, glabns, 4 mm longis, 1 mm latis, aptce 
mflexis, filamentis crassis, infra anthens barbatis, ovano glabro, 
fruotibus elongatis, leviter eurvatis, glabns, perspicuc rostratis, 3 cm 
longis, immaturis circiter 4 mm diametro, rostro 6 mm longo 

SUMATBA, East Coast, Asahan, near Hoota Bagasan, Rahmat 760S 
(type), 70$9t 7J40f 7107^ Sept -Feb , 1935, local names ka^oe raivei, 
k^o€ atitnanQt kasoe hank A species oharactenaed by its prominently 
nerved leaves, its short, dense, subcapitate-cymose, axillary, many- 
flowered inflorescences, and especially by its elongated rostrate fruits 

SAPINDACEAE 

AUopbylttf Bartiettii Meml4 sp nov 

Frutex vel arbor parva, glabra vel subglabra, fobs omnino 
HoUolatis, fobolis magnis, integns vel obscure distai^ter subrepando- 
dentatis, infloresoentiia axiilanbus, raoemiformtbus, baud ramosis, 
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petiolum Hubaequantibus vel paulio longionbu8, ramw ramuliaque 
teretibus, tonsperso lenticollatis, obscuw* pubf^mljs, ultimw ciroiter 
1 5 mrn diametro, fohis s^mphclbu^^, chartacew, MubelhptKis vel late 
obIongo-< llipticis, 18-33 cm longin, 7-14 cm latis, perspKue afumi- 
natvs, basi late scutw vel paullo derurrenfi-acuminatifi, margine 
integns vel aursum distanter irregulanter dentatis \el Hubrcpando- 
dentatw, dentibus niter se 2~-i im dwtantibus, supra glabns, sul>- 
oIivaceiM, nitidiH, suhtus pallidionbus, ad costam nervosque pie- 
rumquf obscure pul^eruIiM, nervw primanm utniique cirnter 12 
utnnque perflpicuis, subtus elevatis, curvatiR, arcuato-anaRtomosan- 
tibuH, secundama reticulisquc perspicuiH, tlevatw, petiolo puUrulo, 
2-4 longo, inflorescentUR axillanbus, Holitarus, MmpUcibuR, pu- 
berulis, 3-6 cm longin, flonbun nunieronis, inter minons, arc iter 
3 min diametro, ^ledinlhs pulwruhs 1 mm longiH, sepals eontavw, 
glahna, iinbncatis, 15-2 mm diametro, petahn distmote cihatis, 
filamentiH plus minusve ciliatis, oxano consiierse pubescenti 

Sumatra, East Coast, Asahan, near Hoeta Bagasan, Rakmal 
6669, 6648, 6797, 6933 (type), 7m, Sept, 1934 — Feb , 1936 
local names kajoe tndjitig, fcajo€ npi aek This species is apparently 
most closely allied to AUophylus chartaceue (Kura) Radik of India 
It IS distinct from the seven unifoholaU Phibppine spteies and from 
the four Ceylon ones, and seems to be the first simple-leaved spt'- 
( IPS in the genus to be recortled from the Malay Archipelago projier 

Xekospermum intermedium Radik , Rec Bot Surv Ind 3 349 

1907, Pflanzenr, 98 (IV 166) 944 1932, Ridl , FI Malay 

Pemn , 1 497 1922 

Sumatra, Coast, Asahan, near Hoeta Bagasan and Loem- 
ban Ria, Rakmat 704^, 8046, Feb *-Apnl, 1034, and Sept , 1934 - - 
Feb , 1935, local names kajoe oeUop^oeltop, kajoe oeso lokk-ang 
Burma, Malay Peninsula 


VITACEAE 

AMPELociaaus cinnamomea (Wall ) Planch , in DC , Monog Phan , 
5 408 1887 

V%H$ Cinnamomea Wat! , m Roxb , FI Ind , 2 483 1824, King, Joum 
A« Hoc Bengal, 6«<3) 389 1896 (Mater FI Malay Panlti , 2 675), 
Hidl , FI Malay Ponin , I 472 1922 
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Sumatra, lapiaiiotli, Padang Si Dimpotan, Padang Lawaa 
RahnuU May Juno, 1931, local name andor towar, 

Malay Peninsula and, if Ridley be cornit m reducing A Wtnklen 
Lauterb , also in Borneo 

Ampelocissus spicifera (GnfT ), (onil) nov 

rifljstw 8p%€nftra Onff Notu! 4 693 1R64 

Vitxi niacroKtachya Miq , Ann Muh Hot Lugd -liat 1 94 1863, 
in Hook f H Brit Ind 1 650 1876, King Journ As Sor Bengal, 
66(2) 388 1896 (Mater H Malay Pemn , 2 674), Ridl M Malay 
Penin , 1 472 1922 

Ampeloct88u« sptctgera Planch in DC Monog Phan , 5 406 1887 

Sumatra, blast Coast, Kota Pinang, Laboehan Batoc Hahinat 
3428^ March, 1933 Malay Peninsula, Sumatra There is a spe<i- 
men, appanntly of tht original collet tion on whith Miquers spotus 
was based, m the hi rbanum of tht New York Botanical Garden 

OUTTIFMRAE 

Cratojyloo acuminatum Mem 11, sp nov 

Frutex vel arbor parva, glabra, ramis ramulisque teretibus, 
graciUbus ultiiius \ix 1 mm diamttro, inttrnodiw elongatis fohis 
oblongo-elliptii IS, basi atutis, apice gracihter aiuminatm, ihartatew 
vel subchartaceis, 4*8 tm longis, I 5-2 8 cm latis, supra ohvaceis, 
nitidis, subtus pallidionbus, baud glaucis, conspersissime glandulosis, 
nerviH pnmarus utnnqiu 5-8, distantibiis, supra cum retieulis pn- 
manis pauHo elovatis, subtus distmetis, elevatis, areuato-anastomo- 
santibus, reticuhs pnmams laxis, venulis intra reticula ultima 2-4 
mm lata hl^ris, petiolo oirciter 5 mm longo, flonbus ignotis, 
fructibus axillaribus \el in axillis dcfohatis, sohtanis, dwtincte pedi- 
celiatis, circiter 1 5 cm longis, 4 mm diametro, at uminatiH, nitidis, 
atro-castaneis, sepalis p^raistentihus oblongis, obtusis, circiter 6 mm 
iongis, peditellis 5-7 mm longw 

Sumatra, East Coast, Aeahan, Loeraban Ria, Hahmat T68Tf 
Feb-Apnl, 1936, local name ka^oe st haras A species character- 
ised by Its rather small chartaceous or subchartaceous, distantly but 
diatinrtly nerved, very sparingly glandular leaves, and especially by 
the tips of the ultimate veinlcts being free withm the rather lax and 
distmct ultimate reticulations It apparently belongs m the group 
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with CraioryUm Itgustnmnn (Spaeb) Blume, but w not closely alhed 
to that Hpecies or to other congeners 

Cratozyloa subglaucum Mernll, sp nov 

Fnitex vel arbor parva, glabra, ranus pallidts, teretibus, ramults 
ultinus tcrctibus vtl subcompressts, circiter 1 mm diametro, intemo- 
diis 7-lS mm longis fobs numerosis, conaceis, ngidis, ellipticis vel 
oblongo-ellipticis, basj acutts, apice brevjtcr acute acuminatis, 3-7 
cm longis, 1 6-3 cm latis, supra pallide ohvaceis, nitidis, subtus 
palUdionbus, glaucis vtl subglaucis, baud glandulosis, nervxs pn- 
mams gracilibus, utnnque 6-7, paullo elevatis, arcuato-anastomo- 
santibus, supra subobsoletis, subtus baud perspicuis, venulxa obscune, 
mtra reticula ultima hberis, petiolo 3 4 mm longo, flonbus ignotis, 
fructibus axillanbus vel e axilhs defohatis, solitanw, podicellatw, 
suboylindracew, circitcr 12 mm longis, 3 mm diametro, matuns 
atro-castaneis, nitidis, rostratis, sepahs oblongis, obtusis, 5 mm 
longis 

Sumatra, East Coast, Asahan, near X^iembau Hia, Rahmai 7907^ 
Feb -^Apnl, 1984, local name kajoe bamhan This species is appar- 
ently allied to the preceding one, but baa smaller, less prominently 
acuminate, stiff, coriaceous, eglandular leaves which are much less 
distinctly veined and which are dtstinctly glaucous beneath As in 
Cratoxylofi acummatum Merr , the tips of the ultimate vcinlets are 
free within the lax reticulations 

ARALIACEAE 

Thevbsia Burckii Boerl , Ann Jard Bot Buitcneorg, 6 110, t 12, 

f 1-14 1887 

Trevvna ekexratuha Hidl , FI Malay Penin , 1 882 1922 

patmata Vis vat ehetratUha C B Clarke, In Hook f, Ft Brit 
lnd,2 732 1870 

Sumatra, East Coast, Asahan^ Bandar Poeloeh* Yate 9 
Hoeta Bagasan, IfuhTnal 6477^ €780^ Sept , 1934 name ka^oe 
eJt4oe foeroet), Bosar 8i Plnggan, Hmd il7B^ 8^ 2, 1928, Tapi- 
anoeli, Fadang Si Dimpoean, Fadang t^awas, BokmeA 4765, 5046, 
July, 1933 (local names hajee hQ9rk Uxoei^ ha^ ebony Mon) Malay 
Fn^sula, Borneo, and, SUdley, Burma The Sumatran form, 
Uke that of Borneo, has much larger leaf lobes than Bidlay indicates 
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for the Malay Peninsula form By error he descnbes the leaves as 
0 2 to 0 8 inch across 

Scheffiera ((uadripetala Mernll, sp nov ^ Ettachefflera, Heptapleurum 

Frutox ut videtur scaudeiiH, inflorescentiis perspicue breviter 
palhde stcllato-pubescentibus, ranns teretibus, ramuhs ultimis gla- 
bns^ 3-4 mm diametro; laevibus vel longptudinaJiter sulcatiS; foliis 
paimatim 3*~6-foholati8, petiolo glabro, 5 10 cm longo, petiolulis 
7-30 mm longts^ glabriS; foholk coriaeois, utrinque glabns, siocitate 
palhdis, supra mtidis, subtus paullo palhdionbus, lameolatis vel 
oblongo-lanceolatis vel oblongo-elhpticis, mttgernmis, 5-16 cm 
longts, 2 4 cm latis, gracditer caudato-acummatis, basi acutis, ob- 
scure subtnphnerviiSi nervis pnmariis utrinque 5 7, adscendentibus, 
baud perspiems, obscure arcuato-anastomosantibua, mfiorescentiH 
terminahbus^ junionbus dense, vetustionbus plus minusve lonsperso 
breviter palhde Btellato-pubesrentibus, hand pcdutuulatis, ramis 
pnmarus 3-8, fasciculatis vel umbellatis, 15-25 cm longis, basi 
bracteatis, bracteis ovatis vel lanceolatis, conaceis, acummatis, 1-2 
cm longis, persistentibus, palhdis, jumonbus stellato-pubescentibus 
glabrescentibus, flonbus 4-, raro 5-raens, uinliellatis vel alabastris 
subcapitato-umbellatis, umbeUia m ramis pnmartm racemose dispo- 
sitis, 10-20-flons, peduncuhs gracihbus, stellato-pubescentibus, 5-10 
mm longis, bracteia lanceolatis, acummatis, 2-3 mm longis, ala- 
basins breviter pedicellatia, pedicelhs dense stellato-pubescentibus, 
sub anthesin usque ad 4 mm longis, calycibus obconicis, baud sul- 
catis, dense palhde breviter stellato-pubescentibus, cirnter 1 mm 
longis latisque, petalis 4, ranter 5, oblongo-ovatis, acutis, 2 mm 
lon^, extus stellato-pubescentibus, hlamentis glabns, 2 5 mm lou- 
98, ovano 4-6 locularu 

SmiATRA, East Coast, Asahan, near Loemban Ria, Rahmat 7783, 
7064, $04S (type), S7t$, Feb -April, 1934, local names kajoe abang, 
ehang gata, hagoe o&an^ hmpoeng A species characten»ed by its 
steUate^ubescent infloreBoences, otherwise glabrous, the 3 to S pn- 
mary inflorescence branches forming a terminal sessile fascicle or 
umbely ea^ branch a ^ple raceme of 25 to 30 or more shortly pe* 
duncled umbels, the inflorescences about as long as the leaves, and 
each branch subtended by a thick, coriaceous, ultimately glabrous, 
pale,^ persistent bract Another unusUal charactcnstic fmr this genu# 
k that the flowers are usually 4-, rarely 5-mePoiis 
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LOOANliCEAE 

Cynoctonum PANicutATUM (Wall ) B L Rob , Proc Am Acad 
Arts and Sri , 46 396 1910 (Contnb Gray Herb , 38 396) 

Mxirtvla pantcutaia Wall , T mt, No 4349 1830, nomen nudum G Don , 
Gon HiHt, 4 171 1838, A DC, Prodr , 9 9 1846, Hook, Ic , 9 t 
828 1861, Camerloh , Bull Jard Dot Buitonssorg, HI, 5 298 19^ 
Mttreoia oldeniandtotdag Wall , I »t, No 4360 1830 nt/men nudum A DC , 
Prodr, 9 9 1846, Ht)ok , Ir , 9 t 827 1861, Bonth , Joum linn 
Soc But 1 91 1857, Dop, m Loromte, PI G<?n Indcvt htne, 4 166, 
f 20, 1-2 1912, Ridl , PI Malay Pemn 2 413 1923 
Cytuxitonum Mtlreola Britt var campyUxarpum Horhr et var orthftourpum 
Hochr , Bull N \ Bot Card 6 284 1910 
Cytwctonum oldeniandtoidtt B 1 Hob Pror Am A< ad Arts and Bci 46 
dOd 1910 (C ontrib Gray Herb , 38 896) 

Mttreola peludaia eenew Merr, Phibp Joum Sei , U Bot, 307 1916, 
Pj3Um Philip PI PI , 3 311 1923, non Torr & Gray 

SuMATBA, Kaat Coast, Loeboeban Batoe, Kota Pinang, Langga 
Pajoeng on the Soengei Kanan (topographic shtet 41), Rohmat SBdS, 
March, 1933 India to Burma and Indochina through Malaysia to 
the (^arohnc Islands and tropaeal \ustraha Camerlober cites nu- 
merous collections from Java, Bah, the Kangean Archipelago, and 
New Guinea It is rare and very local in the Philippines, Robinson 
collected it in Amboma 

Hofhieutiner proposed two new vanetal names under the Ameri- 
can Cynoctonum Mtireola (J/inn ) Bntt for the Old World forms which 
Other authors considered Mttreola pantculcUa Wall and M oldenlan- 
dtotdea Wall Admittedly the Indo-Malayman forms are very similar 
to certain Brasilian forms of the Linnaean sp< c les, but since the North 
Amencan forma are distinctly different I do not feel that this reduc- 
tion should be accepted In accepting the specific name pantculaia 
instead of oldenlandtoidea for the Old World species I am merely fol- 
lowing G Don, who selected the former name when he first combined 
the two Old World species 

Mitreola is the generally accepted name for this sanall genus of the 
Loganiaceae, with a few representatives in the warmer parts of both 
hemispheres Lmnaeua proposed it m 1737 in the first edition of the 
Genera Plantarum (p 377), but In the 1754 edition reduced it to 
Oldenlandia, in 1753 he had erroneously placed its type species under 
Qphiorrhiza as 0 Mttreola Linn K Brown in ISIO seems to have 
been the first to reinstate Mitreola, but in 1791 J f Gmelm had re- 
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named it Cynoctoimm Ibis name hae been adopted by various 
Ameman botanists, nn ludiiig the late Dr B L Robinson, who, al- 
though regntting the change, stated eorrcttly that under the inter- 
national code Cyno(touuin Gnielm y,ou\d have to stand 

Fagraea Rahmatii, sp nov 

Arbor glabra, ramis terotibus, ultimis (irtiter 3 nun diametro, 
folns tonaceiH Kieoitat< utnmiu* v< rrm uIosin, fragilibus, oblongo- 
(.lliptKis vel oblongo-ovatis, 6-11 <m lougis, 2 6 6 cm latis, breviter 
acute acumumtis, basi acutis, nervis pnmarns utnnque 5-8, gracih- 
bus, obscuns, jxtiolo circiter 1 cm longo, inflon scentns terminali- 
bus, paucifloris, brevibus, bievitor pedunculatis, floribus ut videtur 
albidis, 7 cm longis, jiedicellis sursum intrassatis 8-12 mm longis, 
bracteis ovatis, acumuiatis circiter 3 mm longis, bradeolis paullo 
mmonbus, calycis tube sursum amphato, circiter 7 mm longo, lobis 
ovatiM, obtusiH, tubum subaequantibus, corollae tulio circiter 4 cm 
longo, dcoraum vix 3 mm dianw tro, sursum amphato, lobis elliptic is, 
rotundatis, c irciter 2 5 cm longis 

Sumatra, East Coast, Aer Perlajocan, near Rantau Parapat, 
Bila, Rakmai ^^90 ^ May 24, 1932 In the group of R obovata Wall , 
characterized by its relatively small calyces, slendei corolla tubes, 
and sharply short-acuminate leaves 

SCROPHULA RIA CEA E 

Limnopmila iaxa Benth , in DC , Prcnlr , 10 388 1846, Ridl , 1*1 

Malay Pemn , 2 478 1923 

Sumatra, East Coast and Tapianoeli, numerous localities, Yates 
m4, Rahmat 18^, 8818, 8880, 8654, ^^^8, 8811, 8901, 4888, 4^96, 
6088, May, 1932 — July, 1933 Ceylon to Tenassenm, Burma, and 
the Malay Peninsula 

Limnophila fragranb (Forst f ) Seem , FI Vit , 180 1866 

HuttX%a Sragrans Point 1 , DC , Prodr , 44 1786 

lAmnophila terrata Qftudioh , Boi Freyc Voy , 448, t 67, f 2 1826 

Sumatra, Tapianoeli, Padang Si Dimpoean, Padang Lawas, 
Rahmat 4448t 4^78, May™June, Southern Asia through Ma- 

laysia to tropic al Australia, eastward through Polynesia to Tahiti 
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LmDSRNiA SLATA (Benth ) Wettst , in Engl and Prantl, Kat Man- 
zenfam , 4 (3b) 79 1891 , Bonati, m Lecomte, FI G4n Indo- 
Chine, 4 418 1927 

TtUmanma eUUa Benth , m W&U , L»t , No 3944 1830, nomen. 

VandeUia eUUa Benth , Seroph Ind , 36 1836, DC , Prodr , 10 414 1846, 
Hook f , FI Brit Ind , 4 280 1884, Ridl , hi Malay Penin , 2 481 
1923 

SvMATHA, East Coast, Laboehan Batoe, Kota Pmang, Langga 
Pajoeng, and Goenoeng Si Papan, Rahmat $439, 844^t 57d;9, March'- 
Apnl^ 1933 Burma to Indochina and the Malay Peninsula This 
species seems to be closely olhed to Ltndemia urttctfclia (Haticc) 
Bonati, type from Kwangtung Movinco, China 

Likdernia OBToaA (Blume) Koord , Exkursionsfl Java, 3 178 1912 

Torema oUuta Blume, Bljdr , 764 1826, Benth , in DC , Prodr , 10 412 
1846 

VandeUta oUueaMiq, FI lod Bat, 2 691 1867 

Sumatra, East Coast, Bila, Goenoeng Soeasah, near Rantau 
Parapat, RahmcU B350, May, 1932 Java This is generally con- 
sidered to be of more or less doubtful status (Bentham, Koorders) 
It seems to me to be rather t lose to Ltndernta angus^folta Wettst , 
and IB perhaps a short-leaved form of that species 

Linderma VI 6 C 08 A (Hofnem ) Merr , Enum Phihp FI PI , 3 439 
1923, Alst , m Tnmen, >1 Ceyl , 0(Suppl ) 213 1931 

Groiiola pmoom Homom , Gtnim FI Hort Hafn , 19 1807 
flomernanma nfocMo Willd , Enum , 654 1809 

VandeUta hirtula Ham., ex Benth , Scroph Ind , 36 1836, Hidl , K1 Malay 
pGnin,2 480 1923 

Tutmanma Ptedoea Kehb , lo Ekot ,1 26, t 38 1824. 
ffomemonma prosfrola Jacq f , Eel ,2 9 (in eyn ), t 160 1844 
VandeUxa mecoea Merr , Philip Joum Bel , 7 Bot , 246 1912 
Ltndemta htriuia Wettit , m Engl and Prantl, Nat Pflanaenfam , 4 (3b) 
79 1891 

Sumatra, East Coast, Bila, Sigamata, near Bantau Parapat, 
Hahmai $S$8, 9161 ^ June-July, 1932, Tapianoeh, Padang 8i Dim- 
poean, Padang Lawas^ Rcthmai 600$, July, 1933, Laboehan Batoe, 
Kota Pmang, Goenoeng Si Papan, Hahmat $767, April, 1933 India 
to southern Chma southwahl to Java and the t^lipi^es When I 
published the accepted bmonual in 1923 I inadvertently gave WiU^ 
ctenow as the author of the onginal name, when Aiston republished 
it independently m 1931 he based his new name on Ttffmonma taa- 
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com Rrhb (1824), the accepted specific name dates from Hwtie- 
mann (1807) 

Pjcria FFL-TERRAE Lour , Fi Cochinch,393 1790, Mcrr Trans 
Am Philos feoo, 11,24(2) 352 1935 
Caranga amara Vahl, Lnum , 1 100 1804 

C urani^a amara Jubb , Ann Mub HtBt Nat Parp), 9 320 1807, Ridl , FI 
Malay Fanln . 2 484 1023 

( uranga fd Urrae Merr , Interpret Herb Amb , 467 1917 

Sumatra, East Coast, Asahan, Hamel tOSly Aug 23, 1928, La- 
boehan Batoe, Kota Padang, HahmotSbd?^ Mardi, 1933, Tapianoeh, 
Padang Si Dimpooan, Padang Lawas, Rahmai June, 1933, 
local name pogm tono India to Indochina and Hainan southi^ard 
through Malaysia to the Moluccas 

Razumovia tranquebarica Spreng , FI Hal Mant , 45 1807, 
Bntten, Journ Bot , 39 69 1901 

CcfUranUu'ra humif UM Wall , LiBt, No 3883 1830, nam«n nudum, Benili , 
Scroph Iik 1,80 1836, DC, Prodr, !0 635 1846 

Sumatra, Fast Coast, LalxKJhan Batoe, Kota Pinang, Saboen- 
gan, on the Soengci Kanan, Rahmat 5717, March-Apnl, 1933 India 
and Ceylon to Indochina and southeastern China, the Malay Pen- 
insula, Java, and Borneo 

The genus Ra 2 umovia Sprengei (1807) replaces Centranthera R, 
Brown (1810) as induated by Bntton in 1901 Other synonyms of 
this species are Torema leptdoia Roth (1821) and Ratumovta hpidota 
Alston (1931) 


RUBIACEAE 

Gaertnkra ACUMINATA Benth , Joum Linn Soc Bot , I 112 1856, 
Ridl , Journ Straits Branch Roy As Soc, 79 1918, H 

Malay Pemn , 2 427 1923 

Sumatra, Tapianoeh, Padang Si Dimpocan, Padang Lawas, Poelo 
Litnan, Rahmat 5510, Aug , 1933, E^t Coast, Asahan, Bandar 
Poeloeh, Yates 1767 ^ Tand|ong Pasir, Yales ^SSO Malay Peninsula 
I do not know the possible relationships of G Junghuhntam Miq 
(1857) and 0 ZoU%ngertana Miq (1857) to the two species here 
recorded 0 oxyphylla Benth has been recorded from Sumatra, but 
Sidley i^acea it m varietal rank as <7 ocufTittioto Benth var axyphyUa 
Ridtc 
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Gaertngka born£fnbis Valeton, m Winkler, Bot Jahrb , 44 568 
1910 

Stjmatra, l*aHt Coast, Laboehan Batoe, Kota Pinang, Langga 
Pajoeng, Si Mandi Angin, and Saboengan, Rahmai SJSPff, 37^7 ^ 3993^ 
4103^ Apnl~May, 1933 This is one of the Malayan forms that have 
been referred to Gaerinera vagtnana (DC ) Merr (0 Koentgti Wight), 
but Ridley states that the latter h endemic to Ceylon Valeton con- 
sidered O bomeetms to be the Bornean representative of G Koenign 
Wight It seems doubtful to me if O brevtstylxH Ridl , Kew Bull , 
124 1934, type from Sandakan, Borneo, and Balambangan, is really 
distinct from G homeenats 

IxoKA NKRHFOUA Jack, Malay Mise<l, 2(7) 82 1822, Hook, 
Comp Bot Mag , 1 254 1835 (repnnted df scnption) 

Paveiia aaltci^olia Blume, Bljdr , 951 182A 
/zara aalunf^ta DC , Pr«dr 4 487 1830 

Izara fulifens Roxh vtur mlta/olta Km^rd A Valeton, Moderl l^itdK Pknt 
59 158 1902 (Bijdr Boomsoort Java, 8 158), Koord , Atlas Baumort 
Java, 3 t 551 1915 

Sumatra, East (^a«t, Laboehan Batoe, Kota Puiang, Si Mandi 
Angm, Rahmat 4H^\ April, 1933, Bila, Rantau Parapat, Rahimt 
2072, March-May, 1932, Asahan, Bandar Poehloeh, Yalea 1044* 
Hoeta Padang, Krukoff a n , Nov , 1932 Malay Peninsula, Java, 
Borneo, and thi Philippines Jack’s species, its type from the west 
coast of Sumatra, seems clearly the same as Blume’s dosenbed four 
years later from a Javan type 

Lasianthub Lowianub King A Gamble, Joum As Soc Bengal, 
74(2) 871 1909 (Mater FI Malay Pemn , 4 1081), Ridl , FI 
MalayPenin,2 167 1923 

Vananihua luetdm King A Gnmhle, op n/, 73(2) 182 1904 (Mater PI 
Malay Penin , 4 205), non Blume 

Sumatra, East Coast, Asahan, Loemboen Ria and Hoeta Bagasau, 
Hahmal 0712, 6982, 7776, 7830, Sept , 1934 — Feb , 1935 (local names 
kajoe lamlatn, kajoe et baoe te, kajoe «t lamlaijfi haoe) , Mamhi Forest 
R^rvo, Krukoff 4077, Oct 15, 1932, near Bangoen Dolok, Hamel 
1186, Sept 2, 1928 Malay Peninsula 

Lucinaea membrakacea King, Joum Aa Soc Bengal, 72 (2) 178 
1903 (Mater FI Malay P^mn ,4 08), Ridl , FI Malay Pemn , 
2 56 1923 



New Sumatran Plante 


193 


Sumatra, Last Coast, Damoeh, Koealoe, Rahmat 1617 ^ Oct , 
1928, near Aek Sordang, Loendoet Con(^«^^lon, BariUti 7618, 7660, 
May, 1927, near Bilah Pertama {Parba«iran), Rahmat 139, March, 
1928, Analian, Loemboeu Ilia, Hahmal 7433, 7966, Feb “Apnl, 1931, 
JocaJ name sanndan Ridley has already recorded this species from 
the Mentawci Islands, off the Mcst coast of Sumatra Lxcept for 
the description of L sumairana Koord k Val (1911) as an erect 
shrub, 1 should, from the diagnosis, uu lined to place it as a 
synonym of King’s species 

Morinda EiiiPTiCA (King) Ridl Journ Btraits Branch Roy \s 
So(,70 86 1918, H Malay Pemn , 2 118 1921 

Monnda ctlnfnlta I inn var fUtpttca King, Joum Ah Sop Hengat 78 (2) 
87 1904 (Mater FI Malay Penm , 4 160) 

Sumatra, hast ( oast, I^hoehan Batoe, Kota Pinang, Si Mandi 
Angm, /ifa/ima/ ^0^;? Apnl-May, 1923, local name kajoe tammoesoeh 
to7nbak Malay Peninsula, its wider distribution uncertain because 
of confusion with M citnfoha Linn 

Oldenlandia tetrangularis (Korth ), tomb nov 

Diplophrofftna leiramfukurt Korth , Nederl Kruidk Arc h , 2 (2) 149 1851 
Htdyolu tetrangulartB Walp , Ann , 2 769 1861, ValeUm, Hot Jahrb , 44 
648 t910 (ain(9i6ed dcw(ription) 

Bfdyoft9 quadrangxdana Miq , M Ind Bat, 2 180 1867 
H€dyi)(u Parryi Banco, Ann Sci Nat , iV Bot , 18 221 1862 
OldefdandUi Porryt 0 Ktue Rav Gen PI , 1 292 1891 
Oldenlandia qaadrangulana 0 Ktse i c 

Sumatra, East Coast, Laboehan Batoe, Kota Pmang, Langga 
Pajong, and Si Mandi Angin, Rahmat 3317, 3499 3640, 3730, 

4173, March-May, 1933 Borneo, southeastern China Valeton 
gave an excellent greatly amphded description of Korlhais* species in 
1912, and I hate personally examined Korthals’ type at Leiden I 
note no characters by which Hedyaite Parryi Hance can he dis- 
tinguished 

POMAZOTA RIVULAB18 Henderson, Gard Bull Str Settl ,4 211, f 
1-3 1929 

Sumatra, East Coast, Asahan, near Hoeta Bagasan, Rahmat 
6743, 6800, Sept , 1934 — Feb , 1935, local name doehaet batoe Malay 
Peninsula The first representative of the genus to be recorded from 
Sumatra, two species in the Malay Peninsula, one in Borneo 
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Raxpu cochinchiwkn«i 8 (Lour ) Merr , Trans Am Philos Soc , 11, 
24(2) 365 1935 

A%dtQ eochtnehinmHs Lour, Fi Cochinoh, 143 17(10, Journ Bot 

03 250 1026 

If eberd Roxb , FI Ind , 2 535 1824, od 2,1 698 1$32 

Siyheoryna racemoBa Cav , Ic , 4 46, i 368 1797 

Aandta raeemota P-Vill , Novl» App Fl Philip , 108 1880, rum Uoxb 

RawHa denufiora Benth , FI Mongk , 156 1861 

Randia oppontijlorn K Be liurn , }k>t Tidm>kr , 24 ^32 1902 

Randtu oppoBit^olia Koord , F xkurHioti«fl Java, 8 257 1012 

There are a numlier of Sumatran collections of this common and 
widely distributed species, including Yaiea 1S40, i99Sf and Rakmai 
5963, 4048 I have accepted LourcmiN specific name, after having 
examined his type, for this much-named spe* les, there are probably 
in excess of twenty to twenty-five synonyms Attention la called to 
the fact that Webera oppotsrtxflora^* Hoxb , on which Handta oppo«- 
itfiora K Schtim was ostensibly based, does not exist, doubtless 
Schumann intended W eppoathfolta Boxb 

Kakdu FRAQRANTisaiMA Ridl , Joum Straits Branch Roy As Soc , 
50 116 1908, FI Malay Penm , 2 76 1923 

SoMATBA, East Coast, Batoe Barab, between Tanah Datar and 
Tandjoeng Tiram, Bartlkt 7168, April 10, 1926, fiowera fragrant, 
white, turning yellow, Asalian, Masthi Forest Reserve, Krukoff 4108, 
Oct 26, 1932, borders of cleanngs in foiesta Malay Peninsula 

Strebloaa WaUicliu, nom nov 

Ptychotna mcrooarpd Wall , List, No 8344 1848, noirum, rum Muell -Arg 
1881 

F$ychvlrta totirha »en$u Hook f , FI Brit Ind , 8 169 1880, mm Bluroe 
rmcrooorpo lUdl , FI Malay Fenia , 2 % 148 1923 

Sumatra, East Coast, Asahan, Silo Maradia, BariteU 8686, June, 
1927, Tapianoeh, Padang Si Dimpoean, Padang Lawas, along the 
Aek Roppak, Rahmat 4876, June^ 1933 Malay Peiummla, Penang 
I agree with Ridley that PeycMna mkrocarpa Wall w not the 
same as the Javan Sirebloaa tortiha (Blumc) Knrth* (Ps^cAofrui 
toHthe Blume), bat Walhch’s specific name is an invalid one m 
Psyohotna and hence m Streblosa My concept of Wallich^s species 
» largely based on LM i88f labeled as from Smgapoin, but !^dley 
state# that it was probably from Penang. In this the leaves are 
black^punctate above and nearly glabrous beneath 
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Strebiosa pubarult Mernll, sp nov 

Suffrutex erectuB, 20-60 (in altuh, simplex vel ranter ramosus, 
rauhbus dcorsum 4-8 mm diametro, Riabns, novelhs breviter pube- 
soontibuB vel puberulw, intemodns 2-7 cm longis, foliia ovatis vel 
elliptico-ovatis, breviter acute vtl abrupte acuminatis, basi acutis, 
8-13 « m longis, 3-7 cm latis, (hartaceis vel submembranaceis, 
nictitate supra glahris, palJide olivaceis, dense et plcrumquc albido- 
pum ti( ulatis, subtus pallidionbuK, ad costam nervosquc breviter eub- 
cmereo-pulx rulis, ner\is pnmanw utnnque 10-14, perspicuw, stipulis 
bifidis, glabns, 6-8 mm longis, lobis anguste lanccolatis, acummatis , 
petiolo 1-4 cm longo , mflore^entiis axillanbus, breviter subcmereo- 
pubescentibus, sessiUbus vel brevissimo pcduiw ulatis, 1 5-3 cm 
longifi, multiflons, Oonbus confertis, fructibus numerosis, circiter 
1 5 mm longis et 2 mm latw, consperse pubcscentibus, obscure vel 
vix sulcatiH 

Sumatra, lapianoeli, Padang Si Dimpoean, Padang La was, Si 
Harehare Djao (topographic sheet 41, northwest corner), Rahmat 5000 
(type), July, 1933, also from the same subdivision, Aek Roppak, near 
Hoeta Imbaroo and Sopsopan on Aek 8i Ohp (all on topographic 
sheet 41, northwest corner), Rahmat 4771, 5W1, June-July, 
1933 Rahmat 654S from Ho(>ta Bagasan, Asahan, Sept , 1934 — 
Feb , 1935, local name doehoet ^om5ak, apparently represent»s the same 
species Allied to Strehlosa mtcrocarpa (Wall ) Ridl ( » <S(re6/oaa 
Walhchtt Merr ), but diifers in numerous iharacters, notably in its 
indumentum and m its leaves being umially rather densely white- 
puncticulate on the upper surface and puberulent on the midnb, 
lateral nerves and reticulations beneath 

Canthium longiatylum Merrill, sp nov 

Ut videtur arbor parva, inermis, ramis teretibus, glabna, mter- 
nodus 5-8 cm longis, ramulis ultmiis glabns, 2 mm diametro, folus 
aubconoceis, utriuque uitidis siccitato vmdibus vel palhde oUvaceo- 
vindibus, supra glabns, subtus ad costam nervosque pallide breviter 
moiliter patule pubescentibus, ovatis vel ovato^lbptids, 8^15 cm 
Icmgis, 4^ cm latis^ basi acutis, aplee perspicue obtuseque acundnatis, 
nervia pnmanis utnnque 5-6, subadscendentibus, persptcuis, elevatis, 
anaatomosantibus, axillis baud glandulosis vel barbaiis, petiolo cir* 
dter 1 cm longo, puberulo, stipulis circiter 5 mm longis, puberuhs, 
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ovatis v(I ovato^blongiH, obtUKia \el acuminatw, deriduw, cyiniK 
axiUanbuw, brevitrr peduneulatw, multi flons, dichotoine ramoHW, 
breviter pubescentibus, 4-6 rm longib, peduneulo rraaso, 5-9 nun 
loUgo, flonhus numerosiH, in ramulis ultimw plus rninusvc ronfertis, 
ixdirdlatjs, aibtdis, S-mena, pedieeUis pubeacentibus, 2 3 mm 
longis, calycibutt pubeaccntibus, circiter 1 min longis, broviUr 
dentatis oorollae tube extus glabro, intua viUoho, nmtor 2 inm 
longo, JobiH obJongoovatis, refloxjb, acutin, quain tube paullo brtvi- 
onbuH, stylis glabns, gra(*ilibus, longe (ca 4 inrn ) (Xwertis 

SuMATKA Fast Coast, Labfx'han Batoe, Kola Pmang, Si Mandt 
Angin, Saboengan, and Langga Pajoeng, on the Soengei Kanan 
(topographic shoot 41), Hahmat S60J (typo), 3793, S994 403S, 
Marrh-May, 1933, local name kajoe andjedjer A hpocies apparently 
allied to Canthtum KorlKaltnanum Miq , typo from western Sumatra, 
but with larger leavis, longer, very niany-flowf red rymoH, and 
pubescent calyces 

Gardenia doUchantha Mom II, sp nov 

Arbor, ramis glabns, ramuhs ultimis circitcr 4 mm diametro, 
novtlhs plus minusvo resmosis, mtornodus brevibus, 5~10 m/n longln , 
fob IS oonaceis, oblongo-obovatis, 9-20 cm longis, 4-9 cm latis, supra 
olivaceiK, mtidiH, glabns, subtus pallidionbus, consporsc pubescenti- 
bus, apice obtusis vol breviHsime obtuseque acuminatis, basi acutis, 
nervis pnmanis utnnquo 10-16, subtus elevatis, porspieius, petiolo 
crasso, leviter pubescenti, 5- 10 ram longo, stipuhs oylindraceis, 
6-10 mm longis, obscure bilobatis vel subtruncatis, consj>erso 
adpresseque pubesocntibus , flonhus t< rmmahbus, solitarus, circiter 
14 cm longis, subeossiUbus vel brevisslme crasseque pedicellatis, 
oalycis tubo 6-8 cm longo, cyhndraoeo, deorsum einitcr 1 cm 
diametro, obscure pubescenti, gjabrescenti, conaceo, longitudinaliter 
reticulato-venoso, sursum amphato et circiter 2 cm diametro, trun- 
cate, coroUae tubo oyUndraceo, circiter 3 ram diametro, quam calyro 
saltern duplo loitgiore, subglabro vel obscure consperseque pubcscenti, 
lobis circiter 8, patulis, obovatis, rotundatis, 4 6-5 5 cm longis 

SvMAtRA, East Ckiast, Laboehan Batoe, Kota Pinang, Qoenoeng 
Si Papan, Kaloobi Concession (topographic sheet 41, southeast 
quarter), Rakmat 3933, Apnl 7-14, 1933, local name kajoe tsakn 
bodeU A remarkable species because of its very long flowers and its 
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greatly elongated, truncate calyx tubcH that flan somewhat at the 
apex It IS allied to Gardenia speciosa Hook f , based upon Lobh 4^5, 
which IS labeled as coming from Singapore but which probably came 
from elsewhere in the Malayan region In Q speciosa the calyx tube 
IS but 2 to 4 cm long, whereas in G dohehantha it is 6 to 8 cm long 

Gynochtbodes pubifoUa Merrill, sp uov 

Frutex seandens, subtus fohis conspc rse bre\ iterque pubesei ntibus 
vel puberuliH, ramis ramuhsiiue teretibus, glabns ramuhs ultimis 
(ireiter 1 mm diametro, fohis elliptic m vel nunonbus lanctolatis, 
basi aeutis, (hartaeeis, siccitate suhatro-olivaceis, norvis pnmanis 
utnnque 7-8, subtus pcrspicuis, elevatw, axiUis haud glandulosis, 
folus majonbus 10-14 cm longis, 7 8 cm latis, apicc ahrupte per- 
spuue aeuminatis, minoribus 6-8 <m longis, 2-2 5 cm latis, apitt 
Hubc audato-a< uminatis , petiolo usque ad 1 cm longo, glabro, 
flonbus axillanbuH, sohtanis, scssihbus, ealycibus glabns, truncatis, 
1 5 mm longis 

SiTMAiKA, Fast Coast, Bila, near Rantau Paraput, Rahmai 1965, 
March May, 1932 Sinking charaetirs of this species are its hetero- 
morphous leaves, the large ones m general elhptic and abruptly 
ac uminate the smaller ones lanceolate and gradually narrowed to the 
subeaudate-acummate ap« x, all more or less pubeseent or puberulent 
lieneath Its indumentum us suggestive of Gynochthode'i puberuta 
Craib, of Siam, but otherwise it does not conform with Craib’s 
desenption, pajicc tally in its solitary sessile flowers 

Hedyotis suoiatrana Mernll, sp nov 

Suffruticosa, ereeta, rainosa, 30-40 cm alta, cauhhus deorsum 
lignosiH, teretibus vel obscure 4-anguIati8, ramia distincte 4-anguIatiH 
vel sukatis, consperse breviter hirsutis, ramulis ultiniis 1 mm 
diamotro, folus oblongis vel ohlongo-elhpticis, siccitate subvindibus, 
chartaoeiH vel subconaceis, 2-5 5 cm (ongis, 1-1 5 cm latis, 
plenimque acutw, basi acutis, breviter petiolatis, supra consperse 
breviter subscabndo-hirautw, subtus plus mmusve hirsutis, nervis 
pnmanis utnnque 4 vel 5, gracilibus, haud perspicuis, curvato- 
adBcendentibue, petiolo breviter hirsuto, 3-5 mm longo, stipuhs 
ovatis vel lanceolatis, usque ad 4 mm longis, breviter hirsutia, obscure 
laotniatis, mflorescontus axillanbus terminalibusque, globosis, dense 
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multiflons, seesihbus, sub fructu 1--2 cm diAmetro , flonbu8 4-men8, 
albidiH, scHtjilibus vel brovitcr pedicHlatia> cidyciH tubo eirciter 2 mm 
longo, extus coneperse hirsute, iobis tubo aequantibua, oblongis vel 
laneoolatis, oxtus cihato^hirsutis, mtus glabns, acutia vel acummatiS; 
corolla parva, cirnter 3 mm longa, tubo 2 mm longo, extus glabro, 
lobis o\atis, obtusis, extus leviter hirsutis, capsulis subelhpsoidew, 
oonsperse lursutw, 25 3 mm longis, septicide dohiscentibus, lobm 
persistentibus paullo accresoentibus, patulis ^ el rccurvatis, semlnibus 
paucis, nigns, 0 5 mm longis, angulatis 

Sumatra, East Coast, Asahan near Loemban Ria, Rahmat 759ij 
7728 (type), Feb -Apnl, 1934, local name doehoei Boebang Also 
represented by Bartlett 7580 from the Toba trail, north of the Asahan 
River, l>etwe< n Toetoepan and Si Makkoek, Tapianoeh, Apnl, 1927 
This species in habit and general appearance resembles Hcdycite 
uncxneUa Hanco {H cephalophora R Br), difTeting radically in its 
indumentum The capsulcH are usually S-seeded, 4 seeds in each cell 
From Ridley^s descnption I judge Hedyotie HieUtgera Ridl to be 
allied The type of the latter is from sandy heaths, Betul, Malay 
Peninsula 

MycetUi myxioneura Memll, sp nov 

Frutex erectus, plus ihinusve cnspatule pubescens, ramis tereti- 
bus, glabernniis, pallidis, nitidis, novelUs Icvuter hirsutis, foliis 
membranaceis, late lanccolatis, 18-40 cm longis, 4-8 cm Jatis, supra 
olivaceis, consperae pubescentlbus glabrescentibus, subtus concolon- 
bus vel paullo palhdionbus, praesertim nd costam nervosque perspicue 
cnspatulo-pubesoentibus, graciliter amiminatis, deorsum longe angu- 
statis, cunestis vel decurrenti^aeuminatis, nervis prunams utnnque 
30“35, gracihbus, inter «e 4-8 mm dwrtantibus, patubs vel patule 
curvatis, circiter ad raargmem arcuato> vel curvato-anastotposanti- 
bus, gracihbus, subtus distuictis, petiolo 2-7 cm longo,^ sUbglabro 
vei plus mmusve pubescent!, stipuUs ovatis, acummatis, cireiter 
6 mm longis , panioulis tenninalibus, pedunculitis (p^uneulo 1 5-2 
cm longo), laxis, multiOorls, sub fruotu 8-14 ctm latis, partibus 
Oonfens fructifenisque 4-8 cm longis, flonbus parvis, calycibus 
jp^bns, lobis ovatis> 1 nun longis^ lobulla paucis, clavifqrmibus vel 
§ubcapitati8, 0 5 tnm longis; eotollae tubo cyhndraceo, eireiter 
2 mm longo, lobis circiter 0 5 mm longis, extus fdus mmusve hirsuds. 
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fructibiis dQprc890>*globo8iS) glabns, circiter 4 mm longis, fi mm 
(Uametro, pedicelU**! ^7 mm longi8, bracteolw subreniformibua, 
circiter 1 fi mm diametro, subinttgrw vel lobuIiB paucis subclavel- 
latis vftl BubcapitatiB ferentibus 

Sumatra, Eawt Coast, Asahan, near Hoeta Bagasan, Rahmat 
6644t 7^7^ (type), Sept, 1934 Feb, 1935, local name 
marioemhoeB M fnyn(yneura w strongly charactcnssed by its elon- 
gated, many-nerved lea\ es 

Pftychotria castineopilR Memll, sp nov § Grumilca 

Frutex eroctus, partibus junionbus, inflorescontus et foliis subtus 
breviter castaneo-pubescentibus, raraulia ultimis c irciter 6 mm dia- 
metro, folns magma, firmiter chartaceii, obovatis vel late oblongo- 
ohovatifi, 20-30 cm longis, 11-15 tm latis, breviter acummatis vel 
acutis, basi acutis, supra glabemmis, palbde oUvaceo-vindibus, sub- 
tus plus minuKve brunneis, praesertim ad costam nervostiue perspieuc 
breviter castaneo-pubescentibiis, nervis pnmania utnnque tirciter 
16, subtus valde perspituis, clevatis, plus mmusve curvatia, margjnem 
attmgcntibus vel supenonbus pixta marginem curvato-anastomosan- 
tibus, sccundanis distmctis, subparallchs, cum reticuhs plus rnmuH\e 
elevatia, castanco-puliescentibus , petiolo crasso, castaneo-pubescenti, 
2‘-3 (m longo, in/ructesccntiis castanco-pubesccntibus, sessihbus m I 
brevitir pedunculatis, subpyramidatis, circiter 7 cm longiset 8 cm 
iatis, paniculatis, ramis pntnariis pautis, 2 4 cm longis, buiiorionbus 
brcvionbus, fruclibus ovoidew vol subellipsoidcis, glabns vel obscurt 
pubeecentibua, circiter 9 mm longis, podicellatis, longitudinaliter 
8*10-earmatis, leviter sulcMis, calytis lobis 5 toronato, seminibus 
plano-convexis, dorso plentmquc leviter 4-cannatis, albumine vix 
vel obscure ruminate 

Sumatra, East Coast, Asahan, near Hoeta Bagasan, RahmeU 0719 
(type), Sept , 1933 — Feb , 1936, local name fcqjee U)emhoeth4oetnboes 
No 096$ from the same locality is probably the same, local name 
ka,^ %tcm Among the erect, more or less pubescent shrubs with 
ruminate albumen and d»merous Oowors, this species is characterised 
by its large, prommently nerved leaves which are oastaneous-pubes- 
oent with i^ort hairs on the midribs, lateral nerves, secondary nerves 
and reticulations beneath The albumen is only very slightly rumi- 
nate, so slightly so that the species might with almost equal propnety 
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be placed among those with smooth albumen T'he numerous mter- 
gradea between nonrummate and ruminate albumen, and the fact 
that thtse mtergrades are found m the two habit groups, erect and 
scandent shrubs, and in these two subdivisions also among thi pubes- 
tint and the glabrous species, m my judgment invalidates the genus 
Grumilea, which was separated from Psychotna solely because its 
seeds had ruminate instead of sincwith album( n 

Psychotna cylindrostipula Mernll, sp nov 

Fnit( X scandens, flonbus obscure cmereo-puberuhs except is 
glaber, ramis ramultsque terctibus, ultnnis circiter 2 mm diami tro, 
internodiis 5-9 cm longis, interdum rhiajophoraccis, fohis subro- 
naceis, oblongis vel anguste oblongo ellipticis, cm longis, 3-^5 

cm latis, ohvaeew vel brunneis, nitidis, laevibus, brevitc r obtuse vel 
a< ute acuminatis, bosi ac utis, nervis pnmanis utnnqui 7 vel 8, gra- 
(liibus, baud perspiruis, imonspicut vel vix anastomosantibus, 
reticulis obsoletis, petiolis 1-1 5 cm longis, stipulis cylindraceis, 
circiter 3 mm longis crassisque, truncatis, inflorescentiis fieduncu- 
latis, simplex vel depauperate r raroosis, ulabastns immatuns pu- 
lierulifl, seasilibus, m capituhs I vel 3 densls 6 8 mm diametro 
dispositiM, pedunculo sub fruotu 2 5 cm k>ngo> fructibus subelhp- 
soideiH, circiter 5 rnm longis, lev iter longitudmaJiter cannatis vel 
sulcatis bre Viter pedicellatus, subumbellatim dispositis, seminibus 
plano-convexis, dorso plerumque 4-rarjnato, aJbumine hand vel oh- 
scurwsimi ruminato 

Sumatra, East Coast, Asahan, near Loemban Ria, Rahmat 744^, 
8116 (type), Feb -April, 1934, YaUa 1901, Bandar Poeloeh, Asahan 
(distnbuted as a species of Tareima) Among the scandent nearly 
glabrous species, this one is charactenaed by its obsolete reticulations 
and capitate flowers The young buds are minutely cinereous- 
puberulent, the plant is otherwise glabrous Like the broad-leaved 
erect shrub described above as Psychotna castaneopila, the seeds arc 
only very slightly or scarcely ruminate , so little so that It can hardly 
be placM m the section Grumilea, if it be even possible to retain this 
section 

Pgyehotria minuttfovaoliiU Memll, sp nov 

Frutex scandens, ramulis, petlohs, inflorescentus ct folus subtus 
praesertim ad costam nervosque persplcue sordide pubescentibua 
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pihti 1 2 min longis, fo]n« utnnque sub l^nte mmutiwime deuseque 
fovoolatJH, ramuhs uJtimn vix 1 mm diamctro, mternodns 2 5 cm 
longw, foliw rhartaccis vcl subnienibranaccH, late oblongis vel ob- 
Icmgu-ovatiH vel ovatis, 4-7 cm lonpH, 2^4 cm latis, acutis, obtuwis, 
vel obscure acuminatis, basi rotundatis, supra (onsperse Htngoso- 
hirsutttif palhdo olivaods, subtua paullo pallidionbus, ncrvis pnmanis 
utnnque 6-8» grac ihbuH, subtus diatinctis, petiolo dense hirsute, 2-4 
mm iongo, stipulis hirsutis, inflorescentiis ttrminahbus^ cymosis, 
2-3 on longis, usque ad 4 (rn latis, hirsutis, paucifions, dichotome 
ramosis, flonbus p< dicellatis, yiams, talyciH tulx) bn \ iter hirsuto, 
lobis oblongis, circitcr 1 mm longis, corollae tubo vix 1 rnrn longo 
extus brevittr hirsuto, fruotibus oblongo-ellipsoidois, glabns vel 
Hubglabns, circitcr 1 cm longis, longitudinahter pcrspuut cannatis 
suhatisciue, pyrenis piano-con vexis, dorso 4-cannaUs albuminc oc- 
quabili 

St MAFRA, tost Coast, Asahan, near Hocta Bagasan Rahmal 
6/177 (type), 673B, 6810 Sept , 1934 — Feb , 1935 Also represented 
by Rahmat from Aer Kandis, Hantau Parapat, Bila, May- him , 
1932 Among the scandent pubescent species with nonruminate al- 
bumen, this species is charactcriaed by its thm leaves, minutely and 
densely foveolate on both surfaces, the pitting evident under a lens, 
and by its indumentum 

Uroidiylltun Rahmatii Merrill, sp nov 

Arbor parva, ramults et inflorescentiis c t folns subtus plus mimisve 
inolliter \iiIosis, ramis teretibus, glabrw, ramuhs sukatis \cl compres- 
hIh, 2 mni diamctro, consperse patule villosis, fohis oblongo-lanceo- 
latm, graciliter (iiudato-acummatis, basi late aiutis, chartaTCis, 
10 16 tin longia, 2 5 4 5 < m latw, supra glabns, plerumque olivac ew, 
lutidirt, subtus paullo pallidionbus, praesertim ad costam nervosqut 
inolliter patule oonsperse villosis, nervw pnmanis utnnque 7 vel 8, 
graeilibus, distnutis, cur\ato-adsc^ndcrUibus, vix anastomosantibus 
sed margmem attingentibus, subtus pcrspicuw, elevatis, petiolo 
7-14 mm longo, piioso, stipuhs linean-lanceoiatis, acuminatis, 
piloBis, circiter 1 6 cm longis, infloresceutiiB axillanbus, longe pe- 
dunculatis, sub fructu 5-8 cm longis, laxis, ut vidctur pauciftons, 
viUosls, pedunculo 3-4 cm longo, bracteolis lineanbus, pilosts, 2 "3 
nun longis, fructibus subumbellatun vel depauperate cymoeam dis- 
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pcdicelhs pilosis, 8'12 mm longis, fnictibus subglobosia vel 
cupulatis, truncatis, 4-6 mm longis, consperse pilosis glabreacenti- 
bus 


Sumatra, East Coast, Asaban, near liocmban Hia, Uahmat 654$, 
7S43 (type), 7758, Feb -April, 1934 (local name kajoe oelam roeAoc- 
roehoe), Bartlett 808$, Soenggapa to Pargambiran, Asahan, May 22, 
1927 A specit^s charactenaed by its indumentum, its long-podunclcd 
few-flowered cymes, and its long-peditelled fruits, with bracteoles 
greatly reduced 

Tarenna suMATRBNais (Roth) Bremek , Report Sp Ko\ , 37 206 
1934 

FemUa tumaUrentu Roth, Nov PI Sp , 88 1821 
WethUnberffia /roffraru Btumo, Cat Gciv Buiten»>rg, 15 1833 
8tyloeoryna fragrant Blume, Ui^dr , 982 1826, Ridl , FI Malay Ponm 2 
108 1923 

Ctnacxit fragrant Neea, Flora, 8 116 1825 
fr«5era fragrant Hook f , FI Brit bid , 3 108 1880 

Tarenna fragrant Koord A Valeton, Modod l■4Utdf> Plant , 50 77 1003 
(Bijdr Bewmaoori Java, 8 77) 

Among other Sumatran ooWeotions this species is represented by 
Yaiee 1889 and Rahmat 44:87, 4896 Brem^kamp'a acceptance of 
Roth's specific name m 1934 raises an interesting question as to its 
validity, for Ridley, eight years earlier, Kew BuU , 69 1926, published 
Tarenna mmalrana (Boerl ) Ridl based on Webera eumalrana Boerl 
in Veth, Mtd •ISumatra, 4 (2) 21 1884 He interpreted Boerlage'e 
species from the description and illustration, but it should bo noted 
that Boerlage describes the ovary cells as l-ovu1ate, this, if true, 
would eUminate the species from Tarenna Attention is again called 
to the fact that Styloeoiyna Cavanijles is a synonym of Bandia, and 
thus cannot be maintaiiied for the group to which Rtdley applied it 
Malay Peninsula, Sumatra, Java, Borneo, and Palawan 

Hakvakd UmvimstTY 



FURTHER NOTES ON THE DESMIDS OF ISLE 

ROYALE, MICHIGAN 

THE GENUS C08MARIUM 

GERALD W PRLSCOn 

I N A previous paper ( 4 ) the wntor made an introductory report 
on the dcsmids of Isle Royate Since then r on tinned examina* 
tions of the oolleotlons ^ have brought the list of species to approxi- 
mate completeness However, some collections are so nch lu variety 
and number of individuals that they merit further study, which 
would doubtless glean additional forms 

It has been deemed advisable to report on the dtsimd flora in a 
senes of papers, each treating a group of related geiu ra or, in some 
cases, a single genus if the number of represented species warrants it 
In this paper Cosmanum species have been brought together This 
genus is usually well represented in any dcsmid flora, as it is m that 
of the Isle Royale region, but the jierccntage of Cosmanum species 
m these collections is not so great as in those which I have examuu d 
from the Southern Peninsula of Michigan and elsewhere 

It 18 noteworthy that the number of largt Cosmanum speties 
appearing m these collections is greater than usual The writer has 
examined many collections from north temperate habitats, but in 
none has noted such an array of large and beautiful forms of Cos- 
manum Of these large species € oeols, C EUnseanunif C tetra- 
ophihalmumj and C tuddalenBe are the most numerous The last 
species 18 particularly common in Hidden Lake, where the aridity is 
pH 6 0 

In subsequent and concluding papers it is expected that a sum- 
manalng check list for all desmid species will be g^ven, together with 
habitat distnbution on the island Tins listing will permit the in- 

^ These samples were ooUecied t& the biologioal survey of Isle Royale con- 
doflted by the Vniversity of Michigan and authorised by the Fifty-fifth tegii- 
lalinw of tbs Stats of Michigan 
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cluj^ion of additional Bpecies of Ck)«manum and representatives of 
other genera which may appear in the final analyses of the samples 
An interesting number of species m the following list are new 
records for North Amenta, while some are reported for the first time 
from Michigan Although many desmid spetiea have shown signifi- 
cant an<l H ell-known limitations in their dwtnbution, others seem to 
reveal no speeifidty for environmental faitors The appearance of 
C btmamtlkUum m north temperate i^aters, for instance, is \ery un- 
expected Ihis plant has previously been found in the tropus and 
south of the equator It is rare in one collection from Isle Royale 
C tuddalenne, on the other hand, is an example of a spc< les which, so 
far as pn sent knowledge indw ales, tends to maintain a definite dis- 
tribution in north temperate habitats It is known to occur only in a 
belt across northim Europe, Newfoundland, and northern United 
States (probably through Canada also) 


List op Bpecikb 

('osMARiUM ALPE8TRB Roy ic Biss , Wcst and West, Bniuh Des^ 
midtaceae^ III 24, P! LXVII, Fig 14 1908 

Length 78 82 width 58-fiO ^ Smaller than usually described 
for this spet les P! II, Fig 9 Moose Lake 
CosMAftiuM ANOULARE Johnson, Bull Ton Bot CIw6, 21, PI 211, 
Fig 14 1894 

Length 31 2 m> width 27 3 isthmus 7 8 p Rare in one collec- 
tion PI I, Fig 4 Wallace I.ake 
CoSMARinM BiMAMiLLATUM Kricgcr, Arcktv f Ilydrobtol , Suppl XI 
171, PI XlII, Fig 3 1932 

Length 35 width 31 2 p, isthmus 11 PI IV, Fig 18 
Moose Lake 

The appearance of this subtropical plant in a north temperate 
habitat is of interest It was first described from Sunda Islands, 
forma minor Rich has been reported from South Afnea 
CoBMARitiM Boecku WiUe, West and West, Brtitsh Demntdtaceaef 
in 234, PI LXXXVI, Figs 25-32 1908 

Length 35 iu, width 35 isthmus 8-10 m PI III, Fig 7 
Siskowit Lake 

CosMABiuM BoTBrne Mcnegh , West and West, British Desmtdia- 
ccofl, IV 1, PI XCVl, Figs 1-2, 5-15 1911 
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Length 67 width 48~^ wthmus 17-22 /x \mong mosses 
m rain pool at top of Scoville Point 
A form of this species \\hich appears very commonly m some 
of the samples is much like one figured by Boldt, Bikang korigl 
vei-akad handle 13, PI 2, Pig 31 1888 A specimen is illus- 
trated on PI III, Fig 4 

CosMAKiUM Botrvtis Moiiegh var ubDioiAKVE W West, West 
and West, Bnitah Desmidiaceae, IV 6, PI KCVII l^ig 5 1911 
Length 54 5 width 45 8 isthmus 15 6 PI 11, Figs 2-3 
Among mosses m ram pool at top of Stovilk Point 
CosMARiUM Bowiytis Mencgh var tumidum WolJe, W<st and West, 
BrUxsh Dewndtoceoe, IV 5, PI XCVII, Iigs 2-3 1911 
Length 68 width 65 fi, isthmus 17 m Pi HI, Iig 12 On 
dripping cliffs, Passage Island 

CosMABiUM C0LUM61ANUM G 8 West, M^m de la Sor neuchdtelotHe 
den act not , V 1036, PI 23, Jigs 68-69 1914 
Length 39 Mj width 31 2 m» thnkness 19 5 /x, isthmus 9 7/1 
PI III, Fig 11 Hidden Lake 

This plant should be compared with € Moethanum Lutkem , 
Verh d k k zool-^bol (hs , 42 654, PI 8, tig 7 1892 Ap- 
parently this is tht first time that C columJbtanum has been re- 
jiorted since its discovery in 1914, and its appearance in northern 
Michigan is of interfst from the stanri{>oint of distnbution 
CosMARiVM CONN AT CM Dc Br^b , West and West, Bnitsk Desmidin-^ 
ccoe, III 25, PI LXVH, Figs 15-17 1908 
Length 82 |i, width 60 ju, isthmus 28 fi PI II, tig 13 Moose 
Lake 

COSMABIUM COKTRACTUM Kircim VOT ELLIPBOIOJSUM (Elfv ) W & 
G S West, British Desmtdiaceae, 11 172, PI LX VI tigs 28, 
36 1905 

Length 20-22 /x, width 21 22 Mr isthmus 6-7 M 'I his is a small 
form of the species but otherwise la identual PI I, Fig 6 
Among mosses in ram pool at top of Scovdle Point 
CoauARiUM coBTATUM Nordst , West and West, Bniish Demtdt(h> 
eeae, III 239, PI LXXXVII, Figs 13-16 1908 
Length 32-35 Mr width 26-27 3 Mi isthmus 11 7 14 m P* II, 
Fig 4 Among Utnculana plants in Hidden Lake New record 
for Michigan 

This plant was originally descnlied from aretio and alpine ro- 
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giona Its appearance in the Isle Royale flora is m line with its 
occurrence in northern England^ upon the unusualness of which 
the Wests remark (op ctt , p 240) 

CosM:ARit)ic CBKNATUM Ralfs, West and West, Brthah Deerndtaceaej 
IV 35, PI XCVIII, Figs 9-12 1911 
Length 27 p, width 19 isthmus 7 5~8 jw Pi IV, Fig 6 
Among filamentous aigae m moose tracks at edge of swamp 
CosMAKiUM Debar Yi Arch , West and West, BrtttHh Deemidtaceae, 
III 61, Pi LXX, Figs 14-16, Pi XCIII, Fig 2 1908 
Length 106 3 /i, width 46 8 isthmus 812 m PI IV, Fig 3 
Moose Lake 

This large species, with its distinctive chloroplast, has not been 
found m Michigan before and has been reported but a few tunes 
from North Amenca Although having a record from Brasil, 
the plant seems to be confined to north temperate habitats of 
northern Europe, New England, and British Columbia 
CosMARiuic DimcitE Lfitkem var dilatatum Borge, Arktvf Boi , 
19 4, PI 1, fig 38 1926 

Length 23 m^ indth 176 Mi uthmus 6 m PI IV, Fig 11 
Moose Lake New record for Michigan 
CosMARtOM Eloisbakvm Wolle, West mid West, Tiam Linn Soc 
London (Botany), 5 248, Pi XV, Pig 22 1896 
Length 98 m, width 71 fi, isthmus 19 5 m PI IL Pig; 6 Moose 
Lake New record for Michigan 

CoBMARiTJH snoNOATUM Eacib , Borge, Arktv / Bot ^ IS 8, PI 1, 
Fig 4 1923 

Length 94-97 Mr width 39-41 M» isthmus 36-^ M PI IL Pi8 6 
Moose Lake New record for Michigan 
CoBMAtavM ruROATOSPKRifOif W 4b Q S West, Dsemtdtaceae, 
111,206, PI LXXXIV, Pigs 8-10, PI LXXXI, Figs 10-11 
1908 

Length 19 m» ^th 16-17 m» isthmus 6 m PI I* ^gs 16, 26 
Hidden Lake New record for Michigan 
CosiCARnm granatvm De Br4b var* 8TTBORA>KA*n7]i Nordst Forma 
of Borge, Arktv f Boe , 1 96, H 3, F« 12 1903 
Length 32 m, width 22^23 lethmue 7 6-8 3 m Ft IV, Fig 8 

Wallaoe Lake* New record for Michigan 
pogiCARitTM HouiigNSK Luud , West axid West, BHMi Demt^dtor 
eeae, III 1, PL LXV, figs 1-2 1908. 
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Length 42 /i, width 25-27 wthmus 14 -16 fi Pi I, Fig 10 
Among mosses in ram pool at top of Scoville Point New record 
for Michigan 

CosBiAAiuM HOLMiRNss Lund var iNTKORUM Lund , West and West, 
British Pcjwntdtoccoe, III 2, PI LXV, Figs 3* 6 1908 
Length 53 8 width 35 2 isthmus 19 5 PI I, Fig 7 
Rare, in rain pool at top of Scoville Point New record for 
Michigan 

C!o 8MARIUM lUPKKaBVLUM FIfv , West and West, British Demtdia* 
ceae, III 86, PI LXXII, Figs 14-18 1908 
Length 2^28 At, width 19-22 isthmus 6/4 PI I, Fig 24 
Hidden Lake New record for Michigan 

CoSMARIirM IMPRAgSVLUM ElfV f 8XTBORTHOOOKUM (Racib ) W A 
O S West, Taylor, Pap Mick Acad Set , Arts, and Letters^ 19 
265, PI XLVni, hig 20 1934 
Length 19 6 At» width 16-17 m. wthmus 9/4 PI I, Fig 11 
Among mosses in rain pool at top of Scoviile Point New record 
for Michigan 

CosMABiiTM MARGAHiTATUM (Lund ) Roy dc Bjss , West and West, 
British Desmtdtacta^f IV 18, PI XCIX, Figs 8, 10 1911 
Length 75-79 6 /4, width 60-03 /*, isthmus 21-22 /x PI IV, 
Fig 4 Hidden Lake 

CosMAKixTM Mbneghinii Dc Br4b , West and West, British Des* 
mtdtocsae. III 90, PI LXXII, Figs 29-32 1908 
Length 10-13 /*, width 9 5-16 /x, isthmus 4 5 m PI I> Fig 12 
Among mosses in ram pool at top of Scoville Point 

CoBUARiUM MODRSTT7M WAGS West, Joum lAnn Soc Bot , 33 
304, PI X7, Fig 12 1898 

Length 21 4 width 19 5 /x, isthmus 6 8 /x PI I, Figs 27-28 
Lake Ritchie 

Our specimens seem to be consistentiy smaller than those orig- 
inally desenbed, but oUierwise apparently agree with the type 

CosiiAititTU NovAR-SuiauB Wiile var siBEHictiM Boidt, West and 
W6st,Brtf»sA&esnltd^(xo4ae,m*a6,Pl LXVIll,Ftgs 1908 

Length 17 m* width 15 p, isthmus 7 /x P! IV, Fig 9 Hidden 
Lake New record for Michigan 

CoaKAXtnru dCHTHOoss Nor<hit , West and West, Bnftsh Dssmtdui- 
osds, IV 10, PI XCVIII, Jigs 1-3 1911 IVirma 
Length 7$ Mi width 58 ^ Mi rathmus 15 6 /x PI IIL Fig 14 
Siskowit Lake 



208 


Gerald W Prescott 


CoBMAHiiJM ocHiHODES Nordst VEf AMOEBUM W West, West and 
WeM, Bnttsh Deemtdtaceaey IV 11, PI XCVIII, Figs 4 6 1911 
Length 82 5 pLy width 63 4 isthnnis 24 3 ju PI IV, Fig 17 
Moose Lake New record for Michigan 
CoBMARiuM ORNATUM Ralfs, Wcst aiid West, Bntxsk Deftmtdtaceaey 
III 151, PI LXXVIII, higs 1-10 1908 
Ixngtli 39 width 35 2 M isthmviH 11 7 ju PI IV, Fig 7 
Wallace Lake New record for Michigan 
CoBMARiUM ovALb Ralfs, West and West, British Desmtdtaceaey III 
267, PI XCII.Fig 1, PI XCIII,Fig 1, PI XCIV, tig 1 1908 
Length 160 163 pL, width 94-95 pi, isthmus 36 38 pi With a 
single row of granules across the base of the semicell This basal 
row of granules is a tharactenstic not noted in the original desenp- 
tion of C ovale, nor Hgured in the published illustrations of the 
specKs The writer observed a somewhat similar expression in 
plants collected m the mountain lakes of western Idaho PI II, 
Fig 1 Hidden Lake 

CosMARiUM PACHYDERMUM Luud , West and West, Brthsh Desmtdia- 
ceae, 11 139 PI LVIl, Fig 7 1906 
Length lO^ 109 fx, width 83”86 8 fx, isthmus 37^39 fx PI IV, 
Fig 13 Hidden Lake 

CosMAHiOM PERFORATUM Lund , West and West, British Desmidxa- 
ceae, II 143, PI LVIII, Figs 4 6 1905 
Length 62 4 pi, width 60 4 /a, isthmus 31 2 /n PI II, Pig 6 
Hidden Lake New record for Michigan 
CosMARiuM pucATUM Reinsc h var hibernicum W West, West and 
West, British Desmidiaceae, III 61 PI LXX, Figs 12-- 13 1908 
Length 62 4 pi, width 35 2 pi, isthmus 19 5 /u PI I, Fig 19 
1 his shows an abnormal cell, in which daughter semicells have 
failed to separate Gull Island, Rock Harbor 
CoBMARiiTM PoRTiANUM Afch , Wcjst and West, Bntish Desmuita^ 
ceae. III 165, PI LXXX, Figs 4 7 1908 
Length 33-58 Py width 26^ p, isthmus 10 15 /i PI III, 
Fig 6 Among mosses in ram pool at top of ScoviUe Poml 
CosMARioM PRAEQRANDE Lund , Wcst and West, British Desmtdta- 
ceac, III 160, PI LXXVII, Fig 19 1908 
Length 91-93 Py width 5^65 isthmus 20 m PI H, Fig 7 
Moose Lake New record for Michigan 
CoBMARiUM pROTHACTUM (Naeg ) Dc Bary, West and West, Brtitsh 
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Desmtdtaceae, III 181, PI LXXXII, Fig 8, PI XCIV, Figs 
4 5 1908 

Lf ngth 33 ju, width 31 5 isthmiH 9 /x PI I, Fig 15, PI III, 
Fig 2 Bat Island, Rock Harbor 

CosMAKiuM PsruDOBnooMEi Woiie, West and West, Bntiah Desmid- 
laceae, IV 22, PI C, ligs 7 8, PI CHI Fig 7 1911 
Length 39 /x, width 42 /u, isthmus 10 jLt PI IV, Fig 14 Hidden 
Lake 

CoBMAHiuM psjludonitidui UM Nordst , Wist and Wi^st, Britinh 
Desmtdtaceae^ II 195, PI LXIII, Fig 20 1905 
Length 46 8 /u, width 35 1 isthmus 15 6 /u PI I Fig 5 
Wallace Lake New n cord for Michigan 

CoBMARiUM PBErnopKOTUBEKANs Kirchii , Wtst and West, British 
Desmidtaeeae, III 82, PI LXXII, Figs 6-8 1908 
Length 26 /n, width 24 jUf isthmus 9 ju PI IV Fig 10 Wallace 
Lak( 

CoBMAHiUM psEUDOPYRAMiOATUM Luiid , W< st and West, BrUmh 
Desmidtaceae^ II 201, PI LX IV, Figs 9-12 1905 
licngth 48 7 ft, width 31 /u, isthmus 9-11 5 ^ PI I, Fig 13 
Moose Lake 

CosMARiuiif PYRAMIDATUM De Br4b , West and West, British Desniid^ 
laceae, II 199, PI LXIV, Figs 5-7 1905 
Ijength 81 9 width 50 7 m» isthmus 15 6 /x PI II, Fig 10 
Hidden I^ake 

A form of this species is shown on PI II, lig 12 It has the 
proportions of a form figured by lay lor, Pap Mtch Acad Set , 
and 19, PI XLVIII, Fig 17 1934 A character of 
the specimen which is worthy of note is the pn sence of a central 
slightly swollen and shining area in the face of the semicell A 
similar feature was observed by Taylor (op cit , p 261, P! L, 
Fig 7) in his C pseudtypyramtdaium var leTUiferum^ with which 
the Isle Royale form of C pyramidatum should be compared 

CosMARiUM QUADRATOM Ralfs, West and West, Bnh»h Desmidtaceaef 
III 57, PI LXX, Figs 5-8 1908 
I/ength 74 /x, width 39 p, isthmus 27 3 p PI I, tig 1 Hidden 
Lake 

CoauARiUM Raciborsrii Lag , Homfeld, Pflamen ,12 53, PI VII, 
Fig 74 1929 

Length 54 6 p, width 55 p, thickness 31 p, isthmus 25 /x 
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PI III, Fig 9, PI IV, Fig 1 Hidden Lake New record for 
Michigan 

CosuARiuM RECTANGULARE Gfun , West a»d West, Brtitah Demuha- 
ccos, III 64, PI LXX, Figs 1-2 1908 
Length 39 Mi width 36 2 fJL, isthmus 0 7 m PI 1, Figs 22 , 26 
Hidden Lake New record for Michigan 

CoSMARItm RECTANGULABE GfUn var HBXAOONtTM (Elfv ) W 4c 
G S West, Bnitsh Deemxdxaceae, III 66 , PI LXX, Fig 4 
1008 

Length 43 9 Mj width 32 2 isthmus 9 7 m Pi L Fig 18 
Moose Lake 

CoBMARiTTM BCOPGLORUH Borge, Avhxv / Bot , 18 12, PI 1, Fig 14 
1922 

Length 23 4 m> width 19 5 m> isthmus 39 m PI I^ Fig 9 
Bat Island, Hock Harbor New record for Michigan Previously 
reported only from North Dakota 

CoauARiVM SEXANGULARE Lund , West and West, Brtiteh Desmtd- 
toceoe, m 81, PI LXXII, Fig 3 1908 
Length 43 M) width 36 m» isthmus 11 M Hidden Lake 

CosiiABiOM 8 EXAKGUI 4 ARE Lund f uinuca Nordst , West and West, 
Bnltth Deemtdtaeeaef III 82, PI IXXII, Figs 4-6 1008 
Length 27 3 m> width 23 m» isthmus 76 m Not quite so small 
as this form is usually described, otherwise identical PI 1, 
Fig 14 Hidden Lake 

Co&KABXUM ftFBCiosuM Lund var Rostafznsxii (Gutw ) W d G S 
West f AMERICANA WAGS West (C Roti^fin9ht var ome- 
rtcana WAGS West, Joum Ltnn 80 c BoLt 33 270, Pi 17, 
Fig 13 1897) 

Length 40 5 m» width 26 6 m> isthmus 17 2 m Our specimens 
slightly larger than measurements usually given for this species 
PI III, Fig 3» Hidden Lake Tobm Harbor New record for 
Michigan 

CoBMARiUM sraaosoM Lund, var simplex Nordst. f iKTERMEntA 
WiUe, 0/ k vei-akad fdrh, p 41, PI 12, Fig 29 1879, West 
and West, BrtMx Dtmuhaceae, 111 261, PI LXXXIX^ Fig 7 
1908 

Length 38 6-40 m* width 27 3-29 M> isthmus 19 6-21 m FI 1, 
Figs 23, 29 GuU Ldsnd, Hock Harlw 
This plant IS questionably assigned here In our speeimens the 
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KintiH tendH to be more open than in C epeciosum nmplex as 
figured by the Wehts and others Also there are fewer crenulations 
m ours, particularly in front view Two rows of crenulations are 
visible in side view, one on either side of a median hne of the 
senuceJ] 

CosMARiVM BpORTEM-A Do Br4b var suBNirnuM WAGS West, 
Brtlieh Demtdtaceae, III 186, PJ LXXXII, Fig 14 1908 
Length 50-53 fi, width 39~41 ju, isthmus 28-24 p PI III, 
Fig 8, PI IV, Pig 15 Wallace Lake New record for North 
Amenta 

CosMARitJM aTTBCRENATUM Hantz , West and West, BntxBh Demxid^ 
toceos, III 228, PI LXXXVI, Pigs 10-14 1908 
Length 31 2 py width 31 2 isthmus 9 7 m PI 11, Fig 11 
Moose Lake 

Forms of this species are shown on PI III, Fig 5, PI IV, 
Fig 12 Besides these there commonly appears a form which has 
very slightly undulate margins, becoming smooth m the center 
of the semicell This is very similar to a form of Taylor^s, Pap 
Mtch Acad Sa y Arky and LeUeray 19 266, PI XLVIII, Fig 16 
1934 

CosMAiuoM SUB8PKCIOSOM Nordst , West and West, BnUah Desmtd^ 
taceacy III 252, PI LXXXIX, Fig 11 1908 
Length 58 5 ju^ width 43 9 m, isthmus 13 6 /i PI III, Fig 1 
Moose Lake 

CoBMARiUM suBTtmintjM Nordst , West and West, Bnttsh Desmtdta- 
cwy II 192, PI LXIII, Figs 18-20 1905 
Length 35 2 pt, width 27 isthmus 11 7 /i PI I, Figs 2 3 
Moose Lake 

CosiiABiXTM BUBX7J«DULATOM Wille, West and West, BnUah Desmid- 
taceaey 11 151, PI LIX, Figs 13-15 1905 
LeJigth 39 fAy width 27 /u, isthmus 15 6 ^ PI IV, Figs 2, 16 
Moose Lake New record for Michigan 
Our specimens are slightly smaller than measurements usually 
given for this species, otherwise identical, particularly in respect 
to the si^robiculations as described by the Wests (I c) 

CosMABiUM TAXichONDBUM Lund , West and West, BnUah Desmtd- 
toceoe, IV 45, PI CIII^ Figs 11-13 1911 Forma 
Length 40-^ width 33-38 py isthmus 10-11 p Pi IV, 
Fig 19 Moose Lake Tol^ Hkrbor 
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This form is very similar to var nudum Turner (Kongl av vet- 
akad handl , 25, PI 8, Fig 64 1892), and perhaps should be 
assigned to the position of a form of this vanety However, C 
iaxickondnm exhibits a great vanety of modifioations m its gran- 
ulations and it IS diflScult, and perhaps confusing, to attempt to 
give each expression a name 

CosMABiUM TJKTBAOONUM (Naeg ) Arch var Luxdklui ( ooke , 
WeM and West, Bntiah Demtdiaeeae, III 18, PI LWI, Figs 23 
24 1008 

Length 36 ijl, width 22 isthmus 9 ju PI I, Fig 8 Hidden 
Lake 

Our specimens shovv in the wall very fine ndges, which are so 
arranged as to form a geometric figure These cannot lie seen 
except in the empty cells 

CosMARiUM TLTRAOPHTHALMTJM Do Brdb , West and West, Bniinh 
Desmtdtaceae, III 270, PI XLV, Figs 4 7 1908 
Length lOS-’llO fiy width 74-81 /4, isthmus 28-31 M PI III, 
Fig 10 Moose Lake Now record for Miclugan 
CosMARlUM trilobctlatum Rcinsch, West and West, Bntiah Dea^ 
mxdiaceaey 11 185, PI LXII, Figs 28-30 1906 
Length 25 4 p, width 21 4 /Uf isthmus 4 5 PI IV, Fig 5 
Moose Lake Tobin Harbor New record for Michigan 
CosMARiUM TXTDDALEN8E Strom, Nyi MoQ f Notur , 67 29, PI 4, 
l^ig $ 1919 

Ijength 101 5 jU, width 72-75 isthmus 23-26 /x PI I, tig 17 
Hidden Lake New record for Michigan 
CoflMABruM VKNtJSTUM (D( Br^b ) Arch , West and West, Brtitah 
Deamidtaceae, III 8, PI LXVI, Figs 1-3 1908 
Length 41 9 /i, width 27 3 /i, isthmus 5 8 pi PI I, tig 20 
Moose Lake 

CosMAiuTTM VENU8TUM (Dc Br4b ) Arch var kxcavatum (Eichl et 
Gutw) W West f Ptrpto-MAJOB Gutw , Grfinblad, Acta aoc 
pro fauna ei flora fenn , 49 37, PI 7, Figs 18-19 1921 
Length 40 /x, width 27 isthmus 4 5^ PI 1, Fig 21 Moose 
Lake New record for North America 

Ai&ion Coclcok 
Albion, Miokioan 
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EXPLANATION OF PLATE I 
Coemanum 


t C quadrfttum Ralffi, X dOO 
2-3 C> subtumidum Nor^i., X 760 
4 C angutara Johnson, x 7M 
A C pseudonitidulum Nordst , X 760 

6 C oontractum Ktrrhn var eUipeoideum ) W A G S. Wwt) X 750 

7 C holimeniMt 1 und var intecrum I und , X 500 

^ C totrugonum <Naeg ) Arch var Limdellii Cooke, X 8S0 
9 C Hoopuloruiin Borge, X 500 

10 C bolDueoee Lund » X 750 

11 C impreSBulum Flfv t suborthogpnum (Hacib) W A O B West, X 750 

12 C Meneghjoii De Brdb, X 750 

13 C peeudopyranddatum Lund , X 600 

14 C eexaagulare Lund f minima Nurdst , X 600 

15 C protraotum (Nae^ De Bary, X 600 

16 C furcatnepermum WAGS Went, X 600 

17 C tud^enee StrOm, X 600 

13 C rectangulare Gnm var hexagonmn (Elfv > W A O S Weei* X 440 

19 C plicatum Roinsch var hibenueum W Weet, X 650 

20 C venuiitum (Be Br4b ) Arclt, X 550 

21 C venuatum (De BW-b ) Arch var excavatum (Kichl et GuAar ) W West 
f duplo-major Gutw , X 650 

22 0 reciangulare Grun , X 500 

23 C speoiosum Lund var eimplex Nordat. f intermedia WiUe, X 860 

24 C irapreavttiuin £2fv , X 550 

25 C reclhngtilare Qrun , X 600 

26 C lurcatoapermum W A Q S West, X 600 
27-28 C modeetum W A O 8 Weal, X 760 

29 C speoiosum Lund var aimpkoc Nordat ( intermedia Wille, X 660 
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KXPLAN mON Of PLViL II 

Cos-rrmt jum 

1 C RhIIm X 6(K) 

2 ^ C Mttmgh vur uiediolat v e Went X GOO 

4 C rostrttuin , X 750 

6 C F ItwnoHimm W<»!U , X WH) 

G ( pf'rforatum I uiiiJ , X GOO 

7 C pi;itgjui)di I u»d X 700 
H C « liingatuin Uurih X 700 

9 C alpfHtrt. Ro> A 15iss x 440 

10 ( p>iuiiii<lfitutii r>i Br<^h !> GOO 

11 C Hubert iiatuni llant/ , X GOO 

12 ( pyruumiatuin I-)t Ri^b , forma X 700 
H C <onimtuin l>i» Hrtb X MM) 




FXPL\N\TION Ol PIATK Hi 
Cosmanum 

1 ( , X 660 

2 (. protraotuiii (Nu<k ) l)e Baiv X 700 

d ( «pccuiHura I uiul var Ko‘‘tahnsku (Guta ) W A (j S f umeiitnim 
A (i S Woat, X 650 
4 ( iJotrvtiN Men( , forma, X 440 
fi C Bubcn^iiatuni UanU , foima X 660 

6 C Port iaiium Arch , X 750 

7 C }hHckii Willo X 700 

8 < Mportplla I>e Hr^b var subnudum WAGS WcBt X 600 

9 1 Ra< iborskii I^g , X 650 

10 C tetraophthttlmuni Dc Ur^b , X 650 
n ( (olumbianumG H X 600 

12 C liutrjtiP Mtiiegh var tumiduni WoUt, X 650 

13 C Botryljh Minegh var mediohwvt. ^ Wi«t, forma X 600 

14 C ochthod^a Nordat , X 660 




I \PL\NATlON OF PL WE l\ 

CoitmaftNfn 

1 C llaribornkn 1 , X 5<K) 

2 ( ftubundiilatum \V Ulft (ornm, X 1000 

3 ( Deharyi An h X 600 

4 C margantatuni (Lund ) Hov & liiw X 440 
6 C trilnbultttuin RoinHrh X 1000 

6 t (nnatum Halfn X 750 

7 C nrnatum Haifa X 660 

8 ( De BrM) var Kubgrauatum JSoidat forma, X 600 

0 ( Novm' Seinliae Willo var «ibtricun\ Boldl, X 600 

10 ( jHW udoprotubcrans Kirrhn X 000 

11 C difficiU 1 Utkom var dilatatum llorge, X 800 

12 C Rubf r( tuituin Haiti/ , forma, X 600 

13 ( fmch\dcrmuni Lund X 600 

14 i pBeutinbroomei WoIUi, X 660 

16 C HtMtiUlla I)e Ilrfb var Hubnudum W A Ci h Wi«t, X WKl 

16 ( Hubundulatum Wille, X 1000 

17 ( ochilutdoa iSordnt var amoebum W Wc**!, X 600 

18 C btmaindlatum Kifn^cu, X 660 

19 t. taiuchondrum Luiul , forma, X 860 
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UNUSUAL AGARICS PROM MICHIGAN V* 

ALEXANDER H SMITH 


T he fi6a«on of 1M6 was v^ry hot and dry during the summer 
months, but a rather wet September followed During the lat* 
ter part of September and early m October the mushroom flora m 
the vicmity of Ann Arbor was unusually nch and vane*! Certain 
coUeCtions were of exceptional interest Maramtus chordalis Fr , a 
rather common species under Douglas fir in the Olympic Peninsula 
of Washington, was found under oak m the George Reserve, near 
Pinckney The conifer plantations at Saginaw Forest, near Ann 
Arbor, presented an unusual situation owing to the presence of many 
species not previously reported for the state This is astonishing be* 
cause the area has been studied intensively since 1929 Of those 
species CoritnanuB baUeatuB Fr , Corfinanws ntgreUuB Peck, Ijeptoia 
CorttnanuB Lange, and OmphtdtUB ocAmcm Kauffman were partic- 
ularly mterestmg In all, sixteen species are here discussed, fifteen 
of which are apparently new records for Michigan 

A solution of five parts chloral hydrate, two parts water, and an 
excess of iodine was used to determine the iodine reaction of the 
spores The collection numbers and the photographs are the writer's 
unlees (^herwise stated All the collections are deposited m the 
Herbarium of the Univermty of Michigan All color names m quo- 
tation marks are taken from R Rtdgway, Cohr SiandardB and Color 
NonmdaiurBf 1912 


Lut of Specibs 

CoBTiNARivs BALTEATua Ff (PI I) Pileus S-lfi (20) cm broad, 
convex to plwie at tunes the margin irregidar and the diek de^ 
pressed, viscid but soon dry, at first **hvid violet'^ to "lobelia 
violet," changinf to vinaceous violet or "pur{rfe-drab,'* at tunes 
"Penila pUrpIe" on the disk, in age beoommg "liver brown" 
to "carob bwwfi" if wet, near "tswny-oUve" when dry, a per- 

* Papers from the Herharlutn of the University of Miebigsn 

m 
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sistdit ^‘lobolm violet'^ tingo present in a marginal aone, surface 
more or less uneven, th( disk often subareolate, margin silky or 
appresst d fibnlloHt and long remaining inrolled , flesh \ cry thick 
and firm, whitish, odor and taste mild, lamellae close to crowded, 
narrow at first, moderately broad m age, white or whitish at first, 
at times pale viola(touH near the margin (almost to the stipe in 
sonu) before bt<oming dull (iniiamon brown, adnexed to sinuate 
with a decurrent tooth, stip# 4-8 <m X 2-3 em , at first broadly 
bulbous, tapenng to a point below, in age equal above a ta{>onng 
base, solid and firm, whitt within, fibnllose nc ar the base from thi 
“Saceardo’s violet^’ veil, white and silky alaive, spores 9 12 X 
5 6 6 p, amygdahfomi, roughemd 
GreganoUH in a rather dry spruie plantation, Saginaw forest, 
Ann Arbor, Sept 28 1936 (493^), and under oak and hickory as 
well as in a plantation of oak and pine, Saginaw Forest, Oct 7, 
1936 (5060) Linge (10) mentions hlai stales at the base of the 
stem In thi se t ollections the fibrillose ri mnants at the base of 
the stem w( re quite evenly distributed 1 he spores of niy eol- 
lections agree with the measurements of Bresadola (1) and are 
slightly larger than those of Herpidl, Lange, and Rea Kauffman 
(6) reports this sptcies from New York and Colorado, but the 
form he descnbiHl possessed a whitish cortinate margin and a 
yellow other pileus at first Kauffman (onsidered this a form of 
the sjicdeH Apjiarently the Michigan collections represent the 
first report of typical material from North America Small fruit- 
ing bodies m my collections compare very well with tlie illus- 
trations of Fries (2) and Bresadola (1) The gill color was quite 
variable and puzzling In unexpanded buttons the gills were 
white or grayish and n mamed so until the veils were broken and 
the caps were partly expanded In these immature pilei and in 
later stages the gills became ** mauve’’ near the margin and in a 
few they liecame dull violaceous up to the point of attachment to 
the stipe This color was soon clouded over by the maturing 
spores Forms with violaceous gills might be mistaken for Cor- 
Itnanue largus Fr , but the white flesh and the lilac zone around 
the margin of the cap readily distinguish them 
PsArHYRKLLA SUBATKATA (Fr ) Gillet (PI II) — Pileus (15)2(M0 
mm broad, oval at first, obtusely conic at maturity, glabrous, 
moist, russet,” “cinnamon-brown,” “Prout^fl brown’* or “ochra- 



UnuHual Agarics from Michigan 217 

ceous-ta’wny,” hygrophanous, fading to “warm buff*” “light 
ochracoous-buflf,“ or palor, in age sometimes “warm buff" on the 
disk and “wood brown" to “ ave!laneous " near the margin, mar- 
gin striate when moist, surface smooth or slightly rugulose and 
atoinate when <a{>s have faded no mduations of a vtil, flesh 
watt ry and extremely fragilt , thin, odor and fastt mild, lamellae 
close, narrow, adnate but soon setedmg, “(innamon-lniff" to 
“pinkish cinnamon," soon dark blatkish brown with white fim- 
briate edges, stipe 10 15 cm X 3 5 mm , equal, stmt, fragile, 
splitting readily, hollow, glabrous or faintly silky, dull white, no 
indications of a veil at any stage spores 12" 16 X 7 -8 ju (4992) 
or 14-17 X 7-8 6 /i (5003), smooth dull blackish brown under 
the microscope, tlhpsoid, eystidia 35 "lO X 9-15 ju* fusoid- 
\pntncose, on tlu gill <dg< only, basidia four-spored, pileus 
traina corticated by a more or less compait palisade of clavate 
to pynforrn cells, oetasional brown-walhd setae present, 100- 
260 X 4 -6 /i, projetting, thick-walhd 
Greganous or in small clusters of two or three fruit bodies on 
very rotten debris in an open oak woods, hiKer Lake, Dexter, 
Oct 2, 1936 (4992), on soil and d6hns in an oak woods, Ann 
Arbor, Oct 2 (5003), and on soil in a low woods of elm and ash, 
Lakeland, Oct 4 (5021) Some of the larger fruiting bodies in 
No 4992 were stenle and much brighter than the fertile caps 
3 his species is not well known in North Amt nca (Morgan, 12) 
In Michigan it has been confused with Psathyra umhonata Peek, 
a species resembling it somewhat in stature sport si«, and oys- 
tidia, but whieh apparently laeks tht tharattensiic thick-walhd 
m tae on the pileus Fnt s^ (2) figure t)f P Ruhatrat<t ilhistratt s the 
Michigan collections well, and Dr Roliert IvUhner, of Pans, to 
whom I sent matenal for confirmation, stated m a It tt/cr that the 
Mjiefimens checked in every respect with P subatrata 
TRrcHOLOiiA BREViPfis (Fr ex Bull ) Qu^l Lange — Pile us 

(1-3) 4“7 cm broad, broadly umbonate to convex, becoming 
plane, margin long remaining inrolled but finally plane and some- 
what wavy, surface moist and unpolished, dark fuliginous at 
first, becoming buffy brown or paler, hygrophanous, ashy when 
faded, flesh thick, white, odor and taste not distinctive, lamellae 
narrow to moderately broad, crowded, adnate, becoming traar- 
ginate, white, creamy m age, edge even, stipe 1-4 cm X 6 10 
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mra , hasp ciavate at first, in age often tapenng evenly downward, 
white or buff, often becoming sordid m age, more or less fibnllose 
l)elow, pruinose above, spores 7-8 X 4 5 ellipsoid, dark violet 
gray in iodine, very minutely roughened, cystidia rare to scat- 
tered on the gill edge, 26-38 X 6* 9 ju, smooth or with a slight 
incrustation at the apex, aeiculate above a slightly inflated base , 
pileus trams homogeneous 

Groganous on a new seeding of grass, Umv of Mich campus, 
June 26 (45) and July 3, 1934 (51) These collections are the 
same as material from New York determined by Kauffman 
Lange (11) also considers this to be the true T hrmpes Bresa- 
dola (1) illustrated and described a very different fungus under 
the same name Lange placis the latter next to Tnehokma 
grammopodtum A fungus similar to Bresadola^s wa« collected 
in the vicinity of Muskegon, Oct 11, 1936 (5031) The were 
^*clay color and up to 12 cm broad The ^Is were whitish 
The stipe was whitish above but streaked by dark gray fibrils 
lielow, and at the base the color was sordid grayish brown The 
spores measure 8-9 X 4-6 /a, become dark violet gray m iodine, 
and are slightly roughened at maturity Whether or not this 
form should be regarded as a spocies distinct from T grammopo~ 
dium (Fr ex Bull ) Qu4l sensu Lange cannot be determined until 
more material is available for comparison The fungus identified 
T grammopodium id Kauffman and Smith (7) is Trtcholoma 
arcuatum f ro5tt«fut» Lange (11) Typical specimens of T grants 
mopodium sensu Lange were collected at the George Reserve, 
Pinckney, Aug 9 (1759) and Aug 10, 1935 (1780) 

Tricholoma ORIR0BENB Qu^l — Pileus 8-10 cm broad, convex, 
becoming plane or obtusely umbonaie, surface dry, appressed- 
fibnilose or minutely lacerate-ecaly, usually streaked with darker 
fibrils, ^'benso brown^* to dark violaceous gray on the disk, 
whitish to cinereous toward the margin, sometimes tinged m'ange 
on the margin or over all m age, margm qpaque and cottony to 
subtomentose, flesh thick, white, firm, becoming salmon- 
orange^’ when cut or bruised, odor and taste fanitaeeous, la- 
mellae close, broad, adnexed, white, soon flu^iod with ^^hght 
aalmon-orange/' edge shfditly irregular; stipe 4-7 cm X 10-18 
mm , solid, equal above a subradioating base, faintly sulky at first, 
white, m age flushed overall with ^'light sedpaottroninge/* no mdi* 
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cations of a veil , spores 5-6 6 X 4**4 5 broadly ovoid, pale yel- 
low m iodine, basidia four-spored, cystidia not differentiated, 
pilens trama homogeneous, eutu !e of interwoven threads 
Singly under oak, Dexter, Oct 2 (4906), Ann Arbor, Oct 14 
(6068), and the Oeorge Reserve at Pinckney, Oct 15, 1936 (6070) 
The color of the pileus is quite variable, but the violaceous gray 
tinge on the disk was constant The (‘olor change of the 6esh 
was very characteristic and at tunes caused the caps to be tinged 
salmon-orange Lange (11), who describes and illustrates the 
species very well, says the color change is often slight This 
species has apparently not been reported previously from North 
America It is closely related to Trtckoloma terreum, from which 
it differs in the more violaceous gray colors and the changing 

TnicuoiiOBCA tsubifehum Peck (PI III) Pileus S-'S cm broad, 
convex, becoming broadly convex, viscid when wet, glabrous or 
disk appeanng slightly virgate because of agglutinated appressed 
fibnls, margin sometimes nbbed in age, color “army brown “ on 
the disk to “fawn color” near the margin, in age often “wood 
brown” over all, flesh thick, firm, white, taste ^naceous, odor 
mild or family farinaceous, lamellae dose, crowded, rather 
sharply adnexed, broad (8- 10 mm ), white, when bruised or in 
age becoming sbghtly sordid but not reddi»di brown, edge even, 
stipe 4-^ cm X 10-14 mm , equal or the base slightly inflated, 
rounded below, sohd, white or tinged pallid incarnate brown, 
staining faintly yellowish brown when handled, apex prumose, 
glabrous or silky below, spores 5-6 X 3 5 4 /a, ellipsoid, yellowish 
m iodine, basidia four-spored , cystidia not differentiated, pilaus 
trama homogeneous beneath a gelatmous pellicle 
Cespitose to greganous in an arc under elm and basswood, 
Stockbndge, Oct 4, 1936 (5031) The pilel were covered by dirt 
and debris, as described by Peck (16) This is a common occur- 
rence among fleshy fun^ Which have viscid pilei The spores of 
the type measure 4-^ 5 X 3-3 5 ^ and remain nearly hyabne or 
become faintly yellowiah m lodme Mumll (13) states that the 
species is known only from the type locality A collection by 
Dearness, Oct , 1930, from Ontiuio, is deposited In the New York 
State Museum Herbanmn along with the type This species is 
closely related to such ISuropean species as Tnehohma olboimn- 



220 


A lexander H SmUh 


neum and 1 richoloma untale, but differs in the gills not stauung 
reddish brown The change m eolor on the stipe w very slight 

CoRTiNAKius NioaELLus Peek (PI IV) — Greganous to mibces- 
pitose m great abundance under spruce m a plantation at Baginaw 
Fonst, Ann Arbor, Sept 18 (3912), and again Sept 28, 1936 
(4942) Ihe pilei measured 3-5 cm broad The colors were 
“seal brown” when flesh but faded to “walnut brown*' or paler 
When fading the pdei have “seabbroA^n” streaks on a “walnut- 
brown” ground color Ihe gills were “avellaneoun” to “fawn 
color” at first and changed slowly to “anny brown ” The stipe 
was (haractenzed by a distinct annular ssone near the base This 
aone aiui the fibrillos* covering below it are tinged “vinaceous- 
brown ” I he apex of the stij^ is silky and tinged violaceous to 
vinaceous brown 

Enioloma prunuloides (Fr ) Qu^l (PI V) — Singly tosubgregan- 
ous on grassy ground m an ojien oak wcxids, Ann Arbor, Get 3 
(5010) and Oct 13 (6053), and South Lyons, Oct 6, 1936 (6045) 
Mumll (14) excluded this siienes m hw study of the genus in 
North America Although Kauffman (4) included it in his key, 
he had not (ollccted the s|>ecies in Michigan The outstanding 
characters are the globoid spores, pale colors which tend to become 
yellowish in age, and the lubneous to subviscid pilous The stems 
m the Michigan collections were unusually lo|^ for the species, 
and in this respect they nserable ErUolomct albtdum Murnll 
1 he lamellae of the latter, however, are described as being rather 
narrow 

Gomphioius ochraceus Kauffman (PI \I) — Gregarious under 
pine, Baginaw Forest, Ann Arbor, Oct 7 (5053) and Oct 8, 1936 
(5076, 5084) The cuticle of the pileus sometimes cracks m age, 
thus causing the appearance of spothke scales However, it w a 
truly glabrous species The entire fruiting body becomes tinged 
with “peach red” in age 

Hygropuorob HYpoTHKjua Ft — E B Mauifi (34-186), Little Lake, 
Sept 13,1934 This ^ipecies was mdudod by Kauffman (4) m his 
study of the Michigan flora, but he had not collected it in the 
state 

Inocybe rtJLVELLA Bre« — In troops at the edge of a pine planta- 
tion, Dexter, Oct 18, 1936 (6118) Heim (3) uses the name 
Jnceybe »cabdla var fukeUa (Bres } Heim^/or this species / 
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scabella w thus uned in th« Honse of Cooke for a tuberculate- 
Bpored specitB In the United States the nemo is applied to a 
smooth-spored sjkous see Kauffman (5), who apparently fol- 
lowed the eoneeption of Bresadola Heim (3) has given the name 
Inocybe Frtem to tins smooth-spored spoeies 
Lactarius cinlreus Peek — Scattered under beech, Ann Arbor, 
Oct 1 (4980), and Muskegon, under beech on the sand dune, 
Oct 11, 1936 (6027) Ihc fungus described as I ctnereus in 
Kauffman (4) is, as Kauffman suspected, the species desenbe^d 
by Biirlingham as Jjactanm mundm The writer’s ecdlections 
cited above are identical with Burlingham's No 574 of the Lac- 
tanae of North America, Fasc III, and represent the first rejMirt 
of typical material from Michigan 

Lactariub MUTABiLis Pec k — Gregarious undei oak and also under 
a sjiecies of Vaecmium at the edge of a bog Ann Arlxir, Sept 29, 
1936 (6172) The pilei measured 4-8 5 cm broad and wen 
“army brown” with “natal brown” watery zones when fresh 
When faded they were “ vmaceous-buff ” with “fawn color” zones 
or azonatc and evenly “vinact^ous-buff” or “fawn color ” Hu 
gills were “tillcul buff” at maturity j, 

Lepiota cortinarius Lange* (PI VII) -'-Gregarious under spnue 
m a plantation at Sagmaw Forest Ann Arbor, Sept 28 (4942), 
Oct 7 (5058), and Oct 16, 1936 (6098) Lange (8) mentions 
gilvous stains on the gills in age My speeimens w^re character- 
istic in this and in all other respects except that the^gills were not 
< rowded at maturity The pilei measured 3^10 cm broad The 
spores measure 6 7 5 X 3 /* and become dark brown m iodine 
Marabmius chorda us Jr — Singly on humus in an oak woods, 
George Reserve, Pinckney, Oct 4, 1936 (5020) For a detailc d 
account of this species see Smith (17) There has appan ntly been 
some confusion between Mavasmxus elmgaivpcs Pk and M 
chordalia The spores and colors readily separate them, but the 
former, l^cause of a compact palisade layer of pyriform tjclls over 
the surface of the pdeus, should be arranged m the same section 
with M ckardoliSj see Patouillard (15) 

Tkicholoma cfoONATUM (Fr ) Gill sensu Lange ---Scattered on 
humus under beech and maple near Cross Village, June, 1936 
The tan to ochraceous brown colors in all its parts are distinctive 
Tricholoma strioulum var padudipes Lange — Scattered on 
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Inarnus ui oak woods around Ann Arbor tirst coIi<(tod by f H 
Kauffman, Oct 20, 1926, and lattr by the writer July 26 and 
Auk (1661, 1714) LanKo den's not mention the taste of 

the flesh m lus description In iny specimtiH and ae cording to 
Kauffman’s notes there was a very pronounced subnauseous 
flavor When moist the piteus is ^‘ohve-brown ” te) “huffy brown ’ 
and in age fades to “pale smoke gray ” 1 he stipe is usually 6 10 

tm long and 4-6 inm thick, but shorter-stemmed foims (16 
(in X 1 8 mm ) hu\( been eoHeeted (1661) 
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NOTES ON FOSSIL PLANTS 1<R0M HOG 
(^REEK IN SOUTHWESTERN IDAHO* 


IIHFN V SMJTH 

T HIj nuiti rial d( si nix d in this papi r n pn s( nts a small < olh < tion 
of kaf and s(( d iinpn shiohs obtained from a bod of \okani( ash 
at Ho(i( <^re(k n(ar Woiscr in Houthw(s(orn Idaho Most of tfu 
(olioction \vaH inadi in tho summer of U)34 by a paity (oiniiohod of 
Mr () J Smith Mr H M ludccr Mi Wdidoll Smith, and th« 
wntd Addition il spocimniK win obfaiutd from tiu (olkuo of 
Idaho 

Th( first fossil pi mts from this lotality w( r( gathi n d by Kirkham 
during his study of th< jj;tology of tho nRion His (ollootums wore 
made from fi\i kaalitus m tho vicinity of Woisor and iiuludod 
tuoiity*nn( plant forms (7) tkvin of uhuh Berry diUimincd 
H|s (ifioally Mon ri antly Dorf studn d a larRor < ollootion from four 
lo{ alitioh m tin same region whn h yif Idi d a flora of forty-five spr r ii s, 
six of which had b( i n pnMously rcp<irtoil by Berry In all, 8ixt>-MX 
plant forms have bodi nporlid from tin Wdsir b(ds and forty-two 
of th(H( hi\( Ixfn giv<n sfMiific narnts In this pap<r ton spfdos, 
two of which an luw an added to tlu flora of this ana 

Sinu th( g(ology of tin region has been n viewed by Ivirklmm (7) 
and the presdit physical conditions and vegetation have recditly 
lx on fully discussed by Dorf (5) no mention of them is netessary m 
this rc jxirt 

The Hog (reck locality from which Doif njMirtcd thirty-five 
sjHCKH IS included in tho Idaho formation Kirkham has shown this 
to b( distinct from the Upixr Mioccnc Payette formation which 
occurs in tho same region The age of the plant-bearing hods is 
{ onsidertnl t o be Upper Mioc < ne or Lower Pliocene The fossil plants 
show a marked correlation with those of various Upper Mice one bods, 
notably tho Latah and tho Payette whereas tho vertebrate fauna and 
stratigraphy indicate a Pliocene ago 

• Papera from the Department of Botany of the University of Michigan 
No 628 
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J hen an thirty-two uprcies in thiH cohectioti, twenty-two of 
v^hnh are listed in tins paper The Comferae are representerl by 
HiX g( nerti, among them Setadoptiys and Qlypiodrohnet which are 
no longer found in Ainerua One mono( otyledonous plant is repre- 
Hcntod by fragments of leaves that might lie referred to the form 
genus Cyperaniee 1 he remaining Hpeciee arc distnbuted m eleven 
genera of the Dicotyledones Engelhardita is now only Asiatic, and 
the remaining genera are still present m the flora of the northwest, 
but, lx»caus< of chmatn changes, very fe>\ of them are now found m 
the vi< inity of Hog Ocek 

The distribution of the suppr>scd modi rn tquivaieiits of the fossil 
sjHcus m this collection shows the same lelationships as those found 
by Dorf namily, the majority occur m westim United States, the 
n mainder being divided c hiefly between eastern America and eastern 
Asia 

fht writer wisht h to express her appreciation to Professor H H 
Barth tt for his intirtst and helpful suggestions during the course of 
the present investigation 


List of Sfecifs 

PiNua sp ^ Niedles alxml 3 5 cm Jong occur in fragmentary <on- 
dition m fascicles of two Ihis is probably the same form that 
Dorf described as Ftnus «p 

PicKA LAHONTENAis MatO (Fig 9) — 8eed including wmg 14 nun 
long , body of seed slightly ovc r 4 5 mm long (measured obliquely) 
and 2 mm wide, oblong, narrowed into a short falcate extension 
at the acute an^e of the oblong base , a|)ex obtuse or roundt d , 
outer margm slightly comavc from the widest point near the 
apex to the point of attachment to the seed bixiy , greatest width 
of the wmg 4 5 mm , narrowing to 3 m«n at the place of aita< h- 
ment, texture apparently iiiembronac^UH, but firm, i^ithout 
visible venation The two speeimena in this collection differ from 
the TVout Creek matenaJ as figured and described by MacGuutie 
(10) chiefly in their larger size They differ from the specimen from 
Hog Creek figured by Dorf m their larger sise and in lacking the 
visible venation It w possible that these lairger specimens repre- 
sent a different species, but this can be determined only after 
studying a more extensive collection 
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Sciadopitys amencaiUf n sp (Pig 1) - Nr t die linear, thick 6 3 

( in long (or longer), 2 mm broad siden almost parallel, taiienng 
very slightly to thr blunt base, and less to the apex, which apiiears 
to be bluntly roiuidi d , surface marked by longitudinal groovr h or 
furrows 

J)us single net'dlo Iwars a striking resemblance to those of the 
umbrella pine, Hciadopttys veritrtllala 8ieb & Zurr , needUs of 
whuh are shown for comparison (Pigs 2~:1) Snadopttys a 
monotopyu genus native to Japan, is eharac terusr d by two tytx^s 
of Iravrs, by tlie scaU leaves, which an home along the stems 
and crowded in whorls at the ends of the shoots and by the lineai 
leaves, which are bonir in whorls of 20 to 30 m tlie axils of thr 
scab leaves The linear leavts are in reality two united l(a\fs 
borne on undevelovHd spurs, as m Ptnus 

Although the central furrow marking the fusion of the two 
nec dies is not v( ry distinct, it can bf made out m some jiortions of 
the fossil as distinctly as on tht upi)er surface of the loaf of the 
living sjjeeies 1 lu k ngth of the leaf prevents the plant from 
liemg plactd in Keteleena^ Torreya^ Cephalofaxus^ or Cunning- 
karma these genera also differ in having haves with more 
pointed apices The apparent thickness of the specimen and 
the nature of the markings are such as to exclude it from the 
Monoe otyledones 

There has been no fossil record of fkiadopitys iii the 1 ertiary 
of the UniUd States 

Sfquoia Lakqsdohfii (Brut ) Hoer - As is to lie expeoteci in the 
later Tertiary formations, Sequrna is but sparsely represcuited 
A single specimen may lie referred to this species 

Glyptostrobub lvropasus Lesq (Fig 14) - Glypiostrobus m one 
of the formerly widespread genera now confined to eastern Asia 
Lake Taxodinnif to which it is closely related, it is charaetenaed by 
having two types of branchlets 1 he perennial branchlets bear a 
single type of leaf and tho annual branchlets bear either of two 
types ITie leaves on the annual branchlets may either flat 
and linear on the seedbngs or falcate acicular on the mature tu e s 
The leaves on the perennial bratiehlc ts are small and scalehke and 
resemble Jeeves of Cupressua^ from which they can be distin- 
guished by their alt^nate instead t>f opposite arrangement 1 he 
leaves figured are c haractenstic of the jK*rennial branchlets 
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Brooks (1) has recently suggested a change m name for the 
Ainenoan species of Olpptodriims on the ground that ‘Hhe iden- 
tification of the American specimens with the European species 
IS not positive Henry and M' Intyre (6), who have considered 
this question in Connection with their study of the living Olyp- 
tosirobve^ hold that the Tertiary specimens constitute a single 
species mdisiinguishable from the modern one Until such time 
as a distinction other than geographic can be demonstrated, it 
seems preferable to include all the specimens umler the older 
name 

Thuja Gahmani Lesq (Fig 11) —The single frond of TAwja shows 
the characteristically flattened 2-ranked sprays with leaves 
closely appressod, the leaves on some of the branchltts being 
greatly elongated and somewhat keeled It is closely related to 
Thu^ pheata Don, a specimen of which from northern Idaho is 
shown in Figure 10 

Engelhardtia Tuckerii n sp (Fig 4) — Engelhardita, a genus of 
five or SIX species eonAnod to India, Malaya, China, and Formosa, 
is represented In this collection by a single beautifully preserved 
bract and its counterpart- 

Bract ihree-lobed,^ the middle lobe being the larger, 4 2 cm 
Jong and 1 1 cm broad, lateral lobes 3 7 cm long and 11cm in 
width, sinuses acute, forming an angle of about 45 degrees, 
medial wing with approximately parallel sides rounded to a broad 
apex, lateral wings with subparallel sides, asymmetm ally taper- 
ing to a rounded primary venation of three strong veins 
which extend to the apicee of the lobes, that of the middle lobe 
straight and tapenng distally, those of the lateral lobes curved 
and tapenng, secondaries either alternate or subopposite, about 
four pairs m each lobe, ^lender, very distinct, curving upward to 
arch and forming loops wi^ adjacent secondaries ch* strong ter** 
tianes just within the margin « t^iaiy venation distkiet^ fomung 
a polygonal or a quadrangular reticulum, seed not presents 

A bract from a of Sngelhardlta from the vicinity of 

Tourane, Annom,^ Indo-China, in the Berbaiium of the Univer- 
sity of Michigan is figured (F^g 5} foe a comparison of the general 
aspect and venation The fossU species closely resembles Engels 
hardtta rtgttk B1 and JSngeZhardt$« spicc^ vkr aomflora Kds d 
Val of Java 
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J/t^jives n^fermi to Engelhardlta have been reported from a 
number of Amencan looalitieR^ but none m recognised m this eol- 
icotion Fossil species based on bracts unlike the specimens in 
this collection have also been rcixirted from a number of locali- 
tieSf among them Engelhardlta ojryptera Saporta, from the Miocene 
at I'lonssantf Colorado, and two species from the Wilcox bods 
This species is named in honor of Mr Harold M Tucker, 
botanist at the Collegi of Idaho, who has rendered valuable as- 
sistance m the collection of spc'cimens from the Hog Creek beds 
Salix sp — Small spccimenn unlike Saltx coaltngensts Dorf reported 
from the Hog Creek locality are quite similar to a small specimen 
of Sedtx califomtca Lesq figured by Chaney (3) and may belong 
to the latter species 

Almtjs cohraluna Lesq —This species, which has recently been 
critically studied by Brown (2), is represented by a single specimen 
that IS unmistakably similar to the hvmg species, Alnus rkomhv- 
folta Nutt This alder was widely distributed in the Miocene of 
western America and a similar form, Alntts Merrtamtf has been 
described by Dorf (4) from the Pliocene of palifomia 
Castanopsib convEXA (Lesq ) Brooks -- Qttercus eorwexa Lesq has 
recently been removed to Castanopm by Brooks (1) because of 
the ultimate nervation This species is represented by a number 
of well-preserved 8pec4mens which show the entire margins, vena- 
lion characters, sue, and shape that relate the fossils to Caslanop- 
m ssmpervirens (Kellogg) Dudley, a Californian species 
Quebcub CLARNEN8I8 Trelease — This characteristic well-repre- 
sented oak has b^n recHirded, under various names, only from the 
lower Miocene of the Crooked Biver Basin, and has been refig- 
ured and redesenbod by Chaney (3), with whose figures and de- 
scriptions the specimens m this collection appear to be identical 
Qukrcos smxTMTA Knowl — This disposition of my specimens is 
made because of Porf 's n^erence of »nular material to this species, 
and because of LaMotte's statement (9) that Quercus carmptihs 
Newb , which my specimens resemble greatly, is a Lower Miocene 
form mid Q is Upper Miocene 

QcEBCtrs Teaiki MacG — It ta with some hesitation that a specimen 
is referred to this species, sinee Dorf has reported the clWly 
latod {luercus Broum Brooks frenn the Weisor beds However^ 
if there is a specific distinction between these plants, which 
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both sumlar to tho \anable Q chrynolepts Licb , the HjMciineu m 
this c ollection is hett( r referred to Q Tratm 
Pi ATANLS DiegECTA JiTsq — This well-known six («« w reprtsentcd 
by fraRmi nts of leaves and liy a petiole showinK the charat tens- 
ti( cnlargi d base 

\mei>anchier dionatus (Knowl) Brown — 8inu a number of 
lertmry speues referred to /Imf^ancAier apjxjar to be indistm- 
guishablt from the living Anielanchter almfoha Nutt , th( wntrr 
18 accepting the name and the synonymy given by Brown (2) 
Amelanchier had a wide distnbution during the Tertiary Mi- 
ocene fonns have been reported from the John Day and Crooked 
River basins of Oregon, the Grand (/oulie m Washington, the 
Salmon River beds in eastern Idaho and from as far east as the 
Honssant bods of (blorado Pliocene forms comparable with 
the modern A almfolta have bten reported from California i 
almfoha now occurs over the western part of the eontinent from 
Alaska to northern California and eastward to northern Michigan 
Ac*r Chanbyi Knowl —This maple in characterised by slender, 
deeply (ut lobes, which give it a rather fragile appearance In 
this collection it is found m asHocmtiou with seeds of Acer negun- 
dotdett MacG and Acer oregmtanum Knowl No samaras refer- 
able to this leaf species have been recognised m this collection 
Artu NEOXJNOOIDE8 Ma<G (I^'ig 13) —Several samaras with the 
greatly elongated seeds charactenstu of this species are int ludcd 
in the collection 

Acer oregonianum Knowl — ^ Three samaras similar to those dv- 
senlied by Knowlton (8) are wh luded in the collection The dis- 
tinction between this species and the samaras desi ribed by Chancy 
(3) as Acer OemorUi is not clear MacGinitie (10) and others 
(6, 8) consider these to be seeds of Acer Merrtamt Knowl No 
leaves of A Merrtamt are included m this collection 
Arbutos Matthesii Chaney — This species is represented by sev- 
eral wdl-preservod specimens which appear to have been ^'skel- 
etoniaed” and which show the venation in detail They differ 
from figured specimens from other localities m their smaller $i*e 
and relativ ely narrower leaves Although the generally accepted 
living equivalent of A MaUhmi is Arhidun Meimem Pursh 
among the hving species studied in the Herbarium of the Univer- 
sity of Michigan, the resemblance to Ariutus cananerme L was 
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found to l>e gr<at<r Bccau‘« of (bt geographic iHolation of the 
( anary iKiandh, A cananemtft e an ne aree ly lie considered to lie 
a living representative of this feisml speeus 
tHAXiNUS CouiTKRi Doff (Fig 8) — I his speeich is represented by 
a single specimen that differs in some particulars from the speci- 
mens previously deserilied and figun d In this sfx t unen the seed 
18 obscure rather than jirominent, th( strong rnidvoin in the wing 
18 larking^ the wing is broader and apparently has a blunt 
aj)ex Dorf eompared his fruits with I rojctnua oregona Nutt , but 
they also show a similanty to Fra^^tnuK mnencana L (Iig 12) 
The differences between the fossils in the two eollertions may be 
significant, but they are not c onsidc red suffic wnt to form a second 
species of Fraxtnus^ based on so small an amount of mate rial 
Symphobicakpos 8ai MONEN8I8 Brown — Plus spe CM s IS represc nted 
by a single sjxeimon that agrees in all dttads with the figure 
given by Brown (2) The coralbcrry, Symphortcarpos orhtridcUus 
Moeuth, which seems to be the living siiecies ( loscst to this fossil, 
IS now widely distributed, occurring from New York to Georgia 
and westward to Montana and Colorado and south to Texas 
Symphoncarpos alegans (Lesq ), new comb (Celasinnites eUgann 
Lesq , ( S Geol liurv , Terr Rep , Vol 8 [Cret and Tcrt FJ ], 
p 185, pi 31, fig 9 1883, Knowlton, Proc V S Nat Mus , 51 
281, pi 21, fig 7 1917) 

Leaves small, nearly orbicular, with base dccurrent to the short 
petiole, margin entire or slightly wavy near the ajiex, mnlrib 
slightly sinuous, giving off approximately six jmirs of sulMipposit* 
alternate secondaries, secondancs also shghtly Kimious, general 
course being {mrallcl, given off at narrow angles of divergence, m 
some cases paralleling the midnh for a short distance liefore pass- 
ing into the blade, lowermost secondaries running almost along 
the edge of the leaf and forking occasionally, effaced along the 
borders, 25 cm long, 15 em broad, texture mcmbranaceou« 

The fossil leaves can be duplicated by specimens of Sympkort-- 
carpos racemoBue Michx , figures of which are given for compansou 
(Figs 7, 15) The fcissil specimen (Fig 6) is from Succor Creek 
near Rockville, Oregon The Hog Creek specimens arc not so 
well preserved, but nevertheless are typical 

Univ»iiiiitt ok Michioan 
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EXPLANATION OF PLATE I 

Fio 1 ScMdopttys atnencana Helen Smith Type, Mue Pal , Univ of Mich , 
No 18de4 

Ficui 2-S Sciadop%ty9 ptHtdOatak Sieb A Zuct Spccimena from the Amulet 
Arboretum in the Herbanum, Unlv of Mtoh 

Fia 4 JBnfdkardiui Tttek^rt Heten Smith Type, Mua Pal , Univ of Muh , 
No 18095 

Fiq 5 Bnguihardtta wp from Tourane, Annam, Indo< htna, in the Herbarium, 
Univ of Mioh, 

Fio 0 SynipKaartcfiTpiM tAegwM (I^q ) Hiden Smith 

Fioa 7, 15 SymfAortcarpo* roi^motue Mlchx Specimena from Colorado in 
the Herbarium, Univ of Mich 

Fto & Prcmniie CouUtn Dorf 

]:■ IQ 9 Pioeo lohontonete MacO 

Fto 10 7hq;a pluMita Don Specimen from Idaho in the Herbanum, Univ of 
Mlob 

Flo 11. Thxi^ (Tonnom Ueeq 

Fia 12, Frojpinwe ammoirna L Specimen from Porter County, Indiana, in the 
Herbarium, Umv of Mich 

Fia 18 Acer ne^ndoufes MacQ 

Fio 14, fvropaetft laeq 




CULTURAL LIFE HISTORIES OF MELAN- 
CONIS AND PSEUDOVALSA III* 

THL GLNUb PROSTHECIUM IRhh 
EMEND PLTRAK 

LIWIS E WLHME\l'H 

T he genus Mclan(oniH, as described by th( Tulasnos (7, p 115), 
IS a very loost and hef ( rogeneous grouping whose only apparent 
common denominator is the presentt of dark-( oiored conidia, of the 
Mdanconium-Coryneum-Stilbospora type, which stain the surface 
of the substratum Since the tune of the Tulasnes a miml>er of 
genera ha\e been stgregated from this (omplex, chiefly upon the basis 
of the spore color and septation, and many new H|x»(ies ha\e bten 
added to these vanous segregates In rci asting this general group it 
IS necessary, therefore, to n'analyze the natural n lationships within 
these genera In doing so we sec that the present distribution of 
spenes by no means follow s the natural groupings Within th« 
genus Pseudovalsa, for instance, we find species which should nat- 
urally be placed in Massaria {P occulta (Schw ) E & E ), Aglaospora 
(P projusa, etc ), Calospora (P platarundesy etc ), Prosthecium 
(P macroapermay etc ), Thyndana (P mimmo, P comptoniacy (t( ), 
and other genera The first problem is the definition and limitation 
of natural generic groupings Ihis paper is romerned chiefly with 
the genus Prosthecium 

The genus Prosthecium was erected by Fresenius (3, p 62) for 
the members of the Sphaenales with ap^iendaged spores, and P 
eUtpmpoTum Fres (PmidctvaUa marrosperma (Tui ) Sacc ) was gi\ t n 
as the type species In 1923 Petrak (6, p 324) emended Fresenius’ 
genus to include those species of Pseudovalsa having appendagod 
spores and only slightly differentiated entostromatOf without mar* 
ginal Eones, and gave P imcroapetim^ P hap<docyaii8y and P Berke^ 
leyt as species belonging here The wnter believes this to be a 

* Papery from the Department of Botany of the Univenity of Michigan 
No m 
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naturally related group, which also shows aimilanties in the conidml 
stage The genus Pseudovalsa Ces & do Not as typified by P lanct- 
formu includes a distinct group of species, such as P utahonato, P 
long%pe$f and P BtymoKka^ which have a well-developed, dark-colored 
entostromata, nonappendaged spores, and a Coryneum comdial 
stage The Prosthecium group, including P caudate, P tecomw, 
P oucte (ilfetencoms dotesa?), and P in addition to those 

mentioned by Petrak, have no, or very little, entostromatic develop- 
ment, but ixissess appendaged spores and two types of conidia 
one four-celled, hyaline or brown, borne within cavities in an ecto- 
stroma (Stilbospora) , and one one-celled, hyaline, elhpsoid to fusoid 
or allantoid, and much smaller 

This group can again be broken up into two rather distinct sec- 
tions, which may be designated as follows 

EuproHheautn Ectostroma present, often strongly developed, 
light in color, entostroma slightly or poorly developed, ostioles 
crumpent through an ectostromatie disc , spores usually hyaline for 
a time, at least, before matunng, appendages short, capUke, evanes- 
cent P fnacTMpermaf P ptetenotd^, P oucte, P Hylospara 

Pseudoproathenum Ectostroma very minute or absent, ento- 
stroma none, ostioles convergent and fused into an erumpent disc, 
spores hyaline, or mostly brown, appendages elongate, curved or 
coiled, more persistent P caudaia^ P BerMeyt^ P kapalocyHia^ 
P btccmtB 

P caudaia and P Berkekyt are more or less intermediate between 
these two groups, havmg a slight ectostromatie development at first 
There are also several species of Melanconis, as M thstehote, 3f 
occidte, and M dotesa, which must hkewise be considered )i| rela- 
tion to this group The species of the genus Massanovalsa sn^ also 
be differentiated, if possible, from PseudoprosthecEiuip^# More cui- 
tural data in reg^ to corneal connectiohs and detmbf stromatal 
development are needed for such comparisons, Tlfe idlowing oon- 
nections arc presented as an aid m this direction 

T^hmohA. (Fr) Saoe 

Kskinccius tkekbpla, described as Sjd^aeria ihd^bch by Fries, is 
a well-known and widely distributed species, on Alnus, whidb illus- 
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trates some most interesting relationships The penthecial stromata 
(PI 1, Fig 1) have small, hght^olored, white to yellow-brown 
ectostromata and sometimes a slight entostromatic development in 
the bark about the circinate penthecia In this respect it is typical 
of the genus Melanconis There is often, however, a blackening of 
the bark surface which may penetrate into the bark and continue as a 
partial marginal sone (PI I, Fig 1)^ recalling the genus Diaporthe 
The large aaci (100-196 X 12-21 and the large spores (30-46 
X 8-11 fi) with long-filiform, curved appendages (PI II, Fig 2) 
again suggest certam species of the Prosthecium group already men- 
tioned Tins latter relationship is supported by the fact that the 
spores are occasionaJly three* to four*celled (Wehm Herb No 3656) 
and when old may become brownish (Allesch & Schnab , Fung Bav 
No 253) 

The Tulasnes (7, p 167) desenbe and figure this species under the 
name Aghoapora ihelebcla and also mention that the spores may 
become four-celled and brown They desenbe the comdial stages as 
consistmg of one-celled, hyahne, allantoid spermatia, 7 X 1 /a, and 
oblong to pynform, two- to three-celled, dark-b^own stylospores, 
20-30 X 6 5-10 jUj both formed in depressed-globose cavities within 
an ectostroma 

Smular cosidial stages have been found by the writer associated 
with M ihMoh m nature (Fung Col No 3144, Wehm Herb Nos 
3042, 3843) The comdial cavities are often m the ectostroma of 
the penthecial stromata themselves The allantoid or beta conidia 
measure 5-U X 1-1 5 the dark-brown alpha eonidia, 16-40 X 
5 5-10 fx 

Single aaoospores of M thdebda were isolated from Alnus twigs 
ooUeoted at St %meon, Quebec, and sent to the vmter by 1 L 
Connors m September 1936 The ascospores germinated (PL 11, 
Fig 3) within twent)NfQur hours, usually by a smgle stout germ tube, 
5 /i diameter, arising generally from the end, or occasionally from 
the side, of the spore Sdme unmatUFe spores, which were sUll non- 
septate, also germinated normally In the course of germination all 
the spores became pale brown and two- to four-celled 

On oatmeal agar a veiry scanty surface growth of whitish myeeltum 
IS produced The surface layers <d the agar later become blackened, 
and numerous spheno or confluent, gmy-black stromata, 1-4 mmt 
in (flatneter, anse^ Sections of these stromata show that they are 
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composed of brownish hyphae and contain many irregular cavities 
with a shghtly diiferentiated parenehymatic wall Conidia were 
formed withm these cavities, but they were abnormally distorted 
They were pale brown, from one- to four-ctlled, ovoid to elongate- 
fusoid, variously bent, curved, or misshapen, and measured 16 42 
X 5-10 5 ju 

Auto( laved stems of Beiula alba wire inoculated from single-spore 
cultures on December 24, 1936 By January 19, 1937, there was 
formed, where the bark waa ruptured, a whitish to gray or slightly 
yellow-green stromatic mat, which exuded droplets of liquid that were 
of a brilliant wine color Ihese droplets contained alpha conidia of 
the type found on agar and also beta conidia (PI II, Fig 5), whnh 
were one-celled, hyaline, ovoid to fusoid or rod-shaped, and 8 5- 
14 6 X 2~4 fx 

By PVbruary 15 more nonnai eomdial pustules develo|ied as 
numerous papillate swellings, 1-1 6 nun m diameter, over the entire 
surface of the twigs The conidial stromata (PI II, Fig 1) originate 
in the surface bark layers as sphent to pulvinatc masses of hyaline to 
pale yellow-brown hyphae which grow outward and upward centnf- 
ugally in a more or less parallel fashion, pushing up the penderm 
Cavities may originate on the lateral surfaces of these stromata, but 
they remain small and contain only the beta type of eorndmm The 
tnam, large, flattened or irregular cavities originate in the base of 
those 'Stromata, and the growing tips of the hyphae above continue 
to push upward, rupturing the penderm and enlarging the stromata 
These cavities have no bounding walls and increase ui sise and become 
confluent Both alpha and beta conidia are fonnod m them and are 
exuded in long, threadlike black tendrils The alpha conidia (PI 
II, Fig 4) are hyaline and one-celled at first, but soon bewome pale 
brown and finally dark brown and usually four<elled, although a few 
two- or three-celled ones are found They are generally ellipsoid to 
oblong, but ore often tapered, bent or curved, and measure 23- J9 
X 6-9 fx The beta conidJa (PI 11, Fig 6), which are cylmdnc, in- 
equilateral or tapered, or idlantoul, one-celled, and hyaline, measure 
7-9 X I-l 5 ^ and sue formed on more slender conidiophores than 
are those of the alpha type 

This comdial ^ stage, here definitely shown to belong to the life 

' Saeoardo (Mith , 2 542) give* the Gomdial stage of M theUbola m 
tpora theUhola S»co He deeoribM the conidia aa etrai^t or curved, three^ to five* 
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cycle of M tkelebolaf li? of a type found associated with th( Prosthe- 
cmm group of the genus Pseudovalsa Ptteudovalsa Mylotspora^ for 
instance, has been shown (8, p 537) to form similar two- to four- 
celled alpha conidia within enclosed lotules In this species both 
ascospores and conidia are hyaline A similar conidml stage is also 
reported for F macro^iperma by tht Tulasnes (7, PI 14, Figs 13-23) 
In M thelebola, however, the ascospores havt remained two- 
celled and hyabne, whereas the (onidia ha\« lietome pignunttd 
1 his species gives interesting ovidem‘e, tin refore, of the ongiii of the 
Proftthicium type of plant from an ancestor with two-celled liyaline 
ascosfiores 


Pseudo VALSA Ulmi, norn nov 

Afa<«ami>ot«i eaudaia E A F , Froc Aead Nat -Set PAiia , 1893 138 (non N 
Am Pyr 408 1802) 

This species was descnbetl umier the same name, MoHaanovaUa 
caudata^ in two different places, the two descriptions are based on 
two different types representing distinct st>eeics on different host 
plants The first desenption, which appeared in 1S92 (I, p 408), is 
based on a (ollection by Dearness, on Platan us, from London, 
Ontario This fungus was issued in Ell A Ev , N A Fung No 2928 
(a colleetion made by l>earnoss in June, 1893) It is the oldest < ol- 
leetion of tins species on Platanus which the writer has been able to 
locate, but obviously a fungus collected in 1893 could not be described 
in 1892 In answer to an inquiry Dr Dearness stated that the 
onginal colleetion of M cai*data (Dearness No 568) was made on 
June 26, 1891, and that the 1893 collection was a second one (No 
580) The writer ha8 been unable to locate the 1891 collection, but 
N A Fung No 2928 w a typual example of Pmtdovalsa btcorms 
(Cke ) Sacc 

The second description under this name appeared in 1893 (2, 
p 138) It was based on a collection by Dearness (No 1901), on 
Ulmus, from Ixmdon, Ontano, and is a good species of Pseudovalsa 
Bimiiar to the P BerkeUyt of Europe 

The name Pseudwalm {MaBmnovaUa) caudaia must be applied 
to the first description on Platanus, and this becomes a synonym of 

and 32-40 X tO-14 pt He may have hod the oonidia) stage h4re de- 
acHbed, hut hie description and figures of qkoree (Fung ital , i 1104) are not 
eharacterietiG 
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P bicomu (Ckt ) Sacc Since the speties found on Ulmua is a good 
speeieK it must receive a new name Inasmuch as the name P caudcUa 
18 preoccupied, the name P^tidfwaUa Ulmt^ nom nov , is suggested 
This species on Ulmus (PI I, Pig 2) has a very slightly developed, 
light-colored ectostroma, which is usually obhterated by the erumpent 
ostKiles The pentheua are cinmato and in the unaltered bark 
cortex The asci are stout-elavate, 126-160 X 18-36 fi There an^ 
broad bandlike paraphyses in the young penthecia, but these are 
soon evanescent The spores (P! II, Fig 7) are oblong-elhpsoid, 
straight or slightly curved, not oonstneted at the septa, hyaline, four- 
celled, 30-46 X 11 & 15 /i, and have a tapered, curved, hamate, 
hyaline appendage at each end 3 his structure is typical of the 
Pseudoprostbecjum section There is a very slight ectostromatic 
development here, but it is obhterated by the emergent ostiolos 
Single ascospores of this spec les were isolated from twigs of Ulmua 
amencanat croHected near Whitmore Lake, Michigan, July 20, 1936 
This material, which was still immature, was placed in a damp cham- 
ber for two days A/ter twenty-four hours on nutnent agar the ma- 
tured four-celled spores germinated (PI II, Fig 8) by means of two 
to four germ tubes, about bfiin diameter, arising from any cell of the 
spore The munaturq one-celled spores failed to germinate The 
mature spores turned a pale brown during germination 

Growth was fairly rapid on oatmeal agar, forming a white cottony 
appressed surface growth which changed to a tan or red brown with 
age After two to three weeks numerous pulvinate to cylindne gray- 
isli stromata, 1-2 mm m diameter, appeared m these cultures They 
consisted of a compacted, parallel, hyaline to yellowish brown my- 
celium and had irregular pockets or cavities in their outer portions 
which contained oblong-oyUndnc, hyahne, four-celled, granular co- 
nidia measunng 3<M2 X 12 6-14 6 p 

Autoclaved twigs of Ulmm amertcana were inoculated from single- 
ascospore cultures on October 27, 1936 Wlthm three weeks numer- 
ous erumpent, superficiat, grayish, tomentose, pulvinate to cyUndne 
stromata appear^ on these twigs As the twigi dried out more 
normal pycnidial pustules, which were not strongly erumpent, were 
formed The ectostroina of these pyonidia <Pl 11, 13g, 6) anaes on 
the hark surface m a compact mass of uphi|^t, paiaH^ hypbae 
The central portion of thii| mass grows rapidly and pushes 

up and eventually ruptures the peiiderm The peripheral porUons 
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of the ectostroma do not grow tso rapidly and lag behind Thia 
results in the formation of a marginal cavity between the pendenn 
and this thinner portion of the stroma The free ends of the 
hyphae bordeniig this cavity form the h 3 mienium from which the 
alpha oonidia are constricted These alpha ( oiudia (PI II, Fig 9) arc 
cyhndnc-eUipsoid or somewhat clavate, straight or slightly curved, 
hyalbe, four-celled, coarsely granular, 37-58 X 12 5~16 and borne 
on comdiophores of varying length and 1 5-2 6 jbt in diameter Occa- 
monal two- or threc-oclled spores are seen, but they are atypical 
The exuded spore masses are pinkish at first, becoming a deep orange 
later 

In some of the spore masses of older pustules (two months old) a 
peculiar behavior of the spores was noted The cells (PI HI, Figs 
1-2) appear to separate or the protoplasts of the cells round up and 
are actually expelled from the old walls, which results m four free 
rounded cells from each spore The alpha conidia germinate readily 
from any cell within < ighteen to twenty hours, usually by a single 
germ tube These fragmented spores and the freed rounded proto- 
plasts germinate equally well (Pi III, Fig 3) The fragmented co- 
mdia are obovoid to spheroid and measure 12 5-14 X 14-17 m 

In these twig cultures, after several months^ growth, a second typo 
of more irregular, confluent stromatic pustule appeared These 
showed no orange spore masses, but merely a minute transparent 
yellowish droplet which was found to contain a lieta type of conidium 
The ectostromata of these pustules are more irregularly effuse, flat- 
ter, and without the rapidly growing central mass, they ha\o cavities 
formed either on the surface or within the stromata What appear 
to be pentbecial pnmordia were found beneath these stromata The 
beta conidia <Pl 11, Fig 10) are rod-shaped, ellipsoid-oblong, or long 
fusoid, often tapered toward one end, hyaline, one-celled, and 
7-10 5 X 1-2 M 

A conidial stage found in association with this species on the twigs 
of the Whitmore Lake collection was very similar to the alpha type 
of conidial stroma obtained in culture The conidia collected in the 
field were 43 X 13-14 ft and formed in shallow cavities on the flanks 
Of ap ectostroma 

This eonidial stage is iiikewise typical of those associated with 
other members of the Prostbeeiuto group The hyaline, four-celled 
alpha conidia are here borne on the latend flanks of the ectostroma, 
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an in the fictntis Melanconium rather than m leiitral cavitKK^ an in 
Pnemluvalsa ittylospora and Melancoms ihelebola These laterally 
placed ( avities may be correlated with the less wi 11 developed ecto- 
stromata of the Pneudoprofithecium jfroup, but only the establish- 
ment of further ronidial connections can bear this out 

Melancoms occulta (tek ) Sarc 

Afelancoms occulta represents tin extreme type of the Pseudo- 
prosthecium section, in whith no ectostroma whatever is produced 
1 he ostioles are fused together and burst through the penderm as a 
blarkencd stromatic disc (PI I, Fig 3) The two-ccllcd, hyaline 
spores have stout, recurved, hyaline appendages (PI III, l*ig 4) 
The pM'culianties of its structure have betn noted by other wnters 
On account of the lack of paraphyses \on Hdhnel * (5, p 386) plated 
it in Diaporthe as D abnonnts Hohn The re are bandlikc evam scent 
paraphyses in the young penthetmm, however, as was pointed out 
by Petrak (6, p 97) when ho erected the new genus Macrodiaporthe 
for this species, because of its large spores and limited stroma 

P uckel (4, p 190), m Ins original destnption, gives a "Cytispora’^ 
conidial stage with minute, one-celled, allantoid, hyaline conidia 

Single-ascospore isolations were made of Mdaneonts occtilta on 
November 5, 1936, from twigs of Poptdus dettoides collected near 
Brighton, Michigan The spores germinated (PI HI, Fig 5) within 
twenty-four hours by means of one or two germ tubes, 3^4 fjt in di- 
ameter, arising from cither the ends or tht sides of the spores Growth 
was rather slow on oatmeal agar, and no surface mycelium was 
formed A coarse brownish mycelium within the agar turned the 
surface layers brown and then black, but no fruiting structures have 
ever been seen on agar 

Autoclaved stems of Populus deiiotdes were inoculated from single- 
spore cultures on Deember 24, 1936 There was no visible surface 
growth upon these twigs until some two months later, when numerous 
enimpent, elongate ostioles appeared Sections of the bark made on 
January 20 showed, however, that there were numerous penthecia 
developing in the surface layers Although hundreds of pustules 
were sectioned, no trace of a comdial stage was ever seen (In one 
mount there appeared a number of two- to five-celled, irregular, 

* Von HOhnel e Btatement that Melanconu apocrypta la thia aame fungus ia 
incorrect 
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fiasoid-^lhpAoid, brown conidia measunuR 17 5-37 X 7-9 /x Ihese 
were never Been aj^ain, and their origin ^\a8 not OHcertained Their 
connection with thw spetieB muBt rtinain doubtful until further proof 
w available ) 

The development of tb( penthecial stroma, howcvir, was fairly 
well determined The peritho<ial pninordia arise in grouix wdhin 
the bark corttx a« sphemal knots of inycolium (PI 111, Fig 7) 
Ihese increase in size and later fonn a stout ostiolar projection on 
the upper side At this stage the pi rithei la appi ar as a solid mass of 
very large celled parenchyma, the (ills of whith are richly filled iftith 
large oily droplets The outer cell layei*s hierome dark brown and 
thick*walled and form a perithocial wall As the asci develop the 
central hyaline paremhyma breaks down, and the oily mafcenal is 
used as a food supply for the developing asii During this develoi>- 
ment of the pentiiecium there is a proliferation of hyphae between 
the surface layers of the bark cortex in a more or less extensive area 
alwwe the penthecia (PI III, Fig 6) m the region through whic h the 
ostiolar necks penetrate This tissue also bocomeK a dense, large- 
celled pseudoparenchyma with dark-brown thickt ned walls, forming 
a flat disc like stroma (PI III, Fig H) just beneath the penderm The 
apical hyphae of the ostiolos (PI III, Fig 9), which remain hyaline 
and actively growing, push upward through this plate of tissue and 
eventually burst through the periderm This parenchymatic tissue 
is entostromatic and not ectostromatic, for it contains the remains 
of the disintegrated bark cells (PI III, Fig 8) Ihe fusion of the 
ostiolea and such entostromatic tissue forms the erumpent disc The 
entostromatic tissue is sometimes almost lacking, in which rase the 
ostioles may push through the penderm singly or be fused togc ther 
and become erumpent in clusters Before the oetioles push through 
the penderm, this tissue can be stripped off, which leaves the pen- 
thecia m the bark, but after the ostioles emerge the whole penthtcial 
stroma clings |>er8istently to the penderm, which illustrates that it 
IS the ostioles themselve49, and not a previously formed ectostroina, 
which rupture the penderm 

MdancontB occuUa has a structure very similar to such Psoudo- 
valsae as P hapalocysttM and P bteomts, but more information is 
needed in regard to the stromata! development of such species to 
determine whether or not they do fonn any ectostroina and also the 
character of their conidial stage, if they possess one Until this is 
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known, the apparent abstme of a tonidial stag* and ihc lack of an 
trtostroma m M occulta mduate tlmt in this group rtlntionships 
luuHt b( made with some reservations 
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P'XPLANAIION OF PLATE I 

hiu t Uadial section of jKriiheua! fttromaia of Melanctmts thclebvla (hr) 
Sacc (marginal zones nhow aUmt the stroma at right) 

1*10 2 Radial section of perithenal atromata of PttcudovaUta Vhm num nov 

Fiq 3 Radial sci tion of peritheual stromata of Mriancoma occulta (1* ck ) 
Hacc 
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Melanconi» tkelebala (Fj ) ‘^ao< 

tid I Htuiml e^octiou of ctmidial ulowfromata as funned on of HetuU vn 
rulturt 

I Kj 2 Ak( OMpores 
> lu 3 Ciurminating oppoppht 

J 10 4 Alpha t>i>e of «oni<lium as formed m (ulture 
1 Hi 5 Beta tv|)e of comdium an fornud tn cnltme 
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tXFLVNMION OF PIAIF III 

Pift'wlotHiha (Hnn, nom mo\ 

tios 1 2 rmgmetitat um of (iinalia (1) and st paration of proioplaHiH of (oiudia 
(2), aH ( xplaimd in f(xt 

Fi« d Gerimnation of fragnienUd iM>rtionH and pHrat« ]iiotop]aatR of tin 
alplia oonidia 

MtUinconta (Mxidta (f ck ) Sato 

tio 4 Asoonpoics 

1 iG 5 (Hrmiiiatlng aBco^^porot* 

I io 6 liadiaf ncotion of a ptinthoiml stroma showing the Btromatn dis( 
foinuxi in the uppet bark, above the penthecia, which is jienetratM by the 
ostiolo-i, which in turn ruptun the ptndenn 

fiG 7 Hyalme perithecial prlmordium with the stromatic dmt still poorly 
d< velopiMl Notup spparaitun of jjpndcrm 

Fig 8 Thinner St ctioii of a penthetial stroma showing the character of the 
stromatic disc Disintegrated bark cells tan be seen in this struinu whuh 
indicates its entostromatic nature 

hiG 9 Utiail of the apex of out of the erumisut Ostioles in I'lgure 6^ showing 
the li>aiino nienstoinatic apex, which has pushed up ancl niptured the 
periderm 





VEGEl'ATIVE ANATOMY OF THE TOMATO 
(LYCOPERSWUM ESCULBNTUM MILL) 

III DIPLOID AND HAPLOID PLANTS 


EDWARD F WOODCOCK 

A SURVEY of the literature contenung the^tailed anatomy of 
tho tomato shows few contributions to the information on 
diploid plants and nono on haploid plants Jorgensen (1), working 
with dtploid plants (chromosome number 24) and tnploid plants 
(chromosome number 36), found that the leaves from the diploid 
plants differed from those of the tnploid plants in the following ways 
the lea\e4 from the diploid plants were larger, the number of leaflets 
was less, and tlie pnmary leaflets were much hi coder The leaf 
lamina was thick and a deep green The tnploids were more hauy 
than the diploids No observations were mode by him on haploid 
plants 


MATERIAL AKO METHODS OP INVKBTIQATXO^T 

The diploid and haploid plants used for study were growing plants 
obtamed from Gordon Morrison, of the Ferry-Morse Seed Breeding 
Institute at Bochester, Michigan, who, in 1929, discovered a haploid 
{^ant of Margldbe tomato in a breedmg culture A careful observa- 
tion of the comparative anatomy of the two plants waa made to soo 
if there were other difference besides a smaller sise and lower vigor 
of the haploid plant Cross scetions of the stems and various parts of 
the leaves were cut twelve microns thick and stained with methyl 
green and Bismarck brown 

OOUfABATIVE ANATOMY OP THE STEMS AKO tEAVS^S 

t%e sections of the Btmm of the diploid and the haj^oid plants 
showed no s^niffcant (bflerenoes in their mtemai stxncture and 
Agreed with sindlar aentioos of diploid plants already desenbed by 
the wnter (2), 


243 



244 


Edward F Woodcock 


The leaves of the diploid and the liaploid plants exhibit some sir- 
nificent differcnoes and soint similanties The leaflets on the haploid 
plants art narrower than those on the diploid (text F'lg 1) Cross 
settions through the petiole, rachw, and veins of each reveal that the 
relative amount and the position of the various tissues are similar and 



Fio 1 A leaf from haploid plant, B, leaf from diploid plant 


agree with the earlier mvestigations on diploid plants by the writer 
(3) The ( roHs Hections through the leaflets show that the portions 
betiMen the veins bear a greater number of hairs in the di{^oid 
plant (PI 1, Fig 4) than in the haploid (Fig 1) The thickness of 
this region and the cell structure are approximately the same in both 
plants (Figs 2-3) In the diploid plants the upper epidermis is only 
slightly thicker than the lower and has only a few stomata in it The 
lower epidermis has numerous irregularly arranged stomata, whose 
guard cells are slightly raised above the level of the epidermis 
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The haploid plant, dwcovcreci by Gordon Mornson of the Ferry- 
Morse Seed Breeding Institutf , showh no marked internal anatomu al 
difference from the diploid plants from which the haploid plant aro«e 
The most noticeable external differenc< s arc the dwarft d habit of the 
haploid plant and the smaller number of hairs on the leaf blade 

Micuioan Statb Collbob 

Last Lansinq, Micuioan 
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EXPLANATION OF PLATE I 

( Photomicrographs) 

Diploid and haploid Lycoperncum eaculerUum Mill 

Abbreviations CO, coUenrhyma, HA, hair, IL, lower opidermis, PA, 

palisade, PH, phloem, SP, spongy, ST, stoma, UE, upper epidermis, X, 

jcylem 

Fto 1 Cross Motion of midvein and blade of leaflet from haploid plant Only 
a few hairs appear on the blade The vascular bundle of the vein region 
appears erescent-shaped in section, and oonsisis of xylem and phloem In a 
bicoUatera) arrangement (X 60) 

I* (0 2 Cross section of leaflet blade from haploid plant Palisade and spongy 
tissue with their ohIoroDdasts are evident between the two epidermises 
Stomata appear elevated above the lower epidermU (X 920) 

Flo 3 Cross section of leaflet blade from diploid {dant Hairs more numerous 
than on haploid leaf (X 920) 

Fig 4 Cross section of midvetn and I^ade of leaflet from diploid plant Thick 
ness of blade approximately the same as that of the haploid leaf shown in 
FlgoM 1 Hasrs more abundant on the diploid leaf than on the haploid 
(X 60) 




THE PENAL ASPECT OF DRUG ADDICTION 

MAURICE FlOCn 

I N BEGINNING our disousmon we might with justification in- 
qmr< how the drug addut becomes a problem for penology 
After allj are we not dealing in hia person with a medicopsyohologif al 
problem rather than with a cnmmologieal oiu? Dr Healy, one of 
the truly senous students of human behavior, gives the following 
description of the effects of morphine, a drug which is rivaled only 
by heroin as the chief sourc t of addiction 

Prolonged use of morphine causeir (1) » duttmet lotts of enorgy (2) Thi^, 
fw obwurved in the peychicid aphere, appears aa a loweruig of the powers of 
attention, seU^control and volition The weakness of the latter frequently in 
eevere enough to be called paralyeis of the (3) Detenoration of moral 

judgment and general character (4) Tendency to morbid impulses of mind 
and body (5) Mental vagaries bwdering on delusions (6) Occasional hal 
luoifiatory and delusional states (7) Rarely, weU*defincd psychoses ' 

If we take Dr Healy*a description as a bams for our conclusions 
it would surely appear that drug addiction is pnmanly a medico- 
psychological problem However, when we consider the social con- 
comitants of the habitual use of the narcotics mentioned a different 
and still more serious aspect opens up before us The narcotic addict 
IS not, at best, an efficiently functioning unit lu a codperative society 
Generally, although there are notable exceptions, his productivity 
decreases considerably and, as the consumption of the drug proceeds, 
in time it becomes ml Many addicts have admitted to the writer 
that they have found it i^npossible to contred their habits for any 
appreciable length of time and that they have inevitably succumbed 
to such excessive use of drugs as would prevent their economic func*> 
tiotung because of the subsequent lethargy It was the recognition 
of this fact, of the social disorganieation of the habitual user of 
narcotics^ which finally led to the passage of the famous Harttson 
Narcotic Act by the Conipress of the United States and of similar 

’ Heglyi WfiUam, 7%e JJfehnqusfU (Boston IJttle, Brow*n ^ 
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acts by the various states to control the manufacture and sale of 
habit-forminf; narcotics Contrary to popular bolwf, however, the 
penological unphcations of drug addiction maniftst themselves over- 
whelmingly as a result of the legislation mentioned and only in a 
very small degree as a dinot outcome of enmmahty arising from 
the psychological effects of addiction itself 

Necessaniy, any laws governing the manufacture, sale, or use 
of a rommodity contain penal provisions designed to punish trans- 
gressors Ihe nature of this typi of social act as embodied in leg- 
islation itself provides for penological implications There have 
always been individuals who either disregard or oppose social will 
and in this manner become subject to social discipline In 1935, 
for example, 1,736 individuals were committc<l to the various Federal 
prisons for violation of the Harrison and other narcotic acts Yet, 
it must be emphasised at this point, the larger number of those 
incarierated in conne<tion with narcotics are convicted for violation 
of other penal laws, that is, not of those regulating the manufacture, 
sale, and use of narcotics How is tlus to be explained m the light 
of what has been earlier stated? 

Prior to the passage of the Harrison Narcotic Act and similar 
state aits narcotus were easy to obtain either on prescription by 
physicians or directly from pharmacies There were no appreciable 
limitations Hence the pnees of the drugs were relatively low, within 
the reach even of individuals m very modest circumstances Thus 
one who had become addicted to the use of babit-forming drugs 
might go on satisfying his craving without difficulty for a long time, 
at least while he was capable of mamtaamng a modicum of pro- 
ductivity and earning capacity Governmental regulation, however, 
considerably changed the situation When what has formerly been 
a free commodity suddenly becomes outlawed for any other tlian 
stnctly medical purposes, and when the demand for it still exists, 
that commodity, in the hands of unscrupulous adventurers, assumes 
the characteir of a valuable contraband The prices mount sky-high, 
only fiurtuating in inverse proportion to the success of the enforce- 
ment of the prohibitory legislation 

It can easily be seen that under such changed circumstances 
only the relatively well-to-do addict i an maintain without too much 
dif^ulty a habit which, according to a study veceutly engaged in 
by the water, costs an average of six dollars a day The ordinary 
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Horkin|i;inan addict^ whoso oarrimg capacity has already been pro- 
grossi\ely impaired by the addiction, finds himself, therefore, in a 
quandary He haa either to give up the habit or to obtain money 
by any nuana presenting itaelf, legal or illegal, with which to satisfy 
it Thus, since he cannot easily break the habit, in accordance 
with his particular temperament and the social and physical cir- 
cumstances surrounding him he becomes either a petty thief or a 
beggar We note, then, that the governmental regulation m this 
sphere iH instrumental in bringing about concUtions favorable for the 
formation of a relatively large and parasitical cnmmal class It 
must be remarked, of course, that the foregoing statement is by no 
moans an argument against narcotic laws The writer is fully aware 
of the decidedly more dangerous and damaging possibilities of a free 
and untrammelecl sale of habit-forming, demoralizing drugs amid 
the complex conditions of modern civilization 

What are society’s present ways of dealing with the drug addict 
who IS a petty thuf or a beggar f In the state of Michigan he is 
not differentiated for purposes of legal disimsition from any other 
thief or Inggar After arrest he usually appears before judges of 
the early sessions, is summarily tned, and sentenced to a jail or a 
workhouse for penods not exceeding ninety days In the pnson, 
for the first time, some attention is paid, at least from a medical 
and disciplinary point of view, to his status as a drug addict To 
ease bis sufferings, v^hich result from an abrupt withdrawal of nar- 
cotics, he IS subjected to a reduction cure, and a medical regime is 
subsequently imposed upon him in order to build up his physique 
As to discipline and segregation, the addict, owing to his proverbial 
unreliability, is usually kept under close surveillance This is a 
very brief description of the treatment received by the narcotic ad- 
dict — brief because the process itself lacks any complexity Bluntly, 
one might say that nothing fundamental is being done for and with 
the drug addict who is a thief or a beggar beyond temporary isola- 
tion from the larger society and alleviation of his gross physical 
suffering 

Let us inquire now into the meaning of jail or workhouse m- 
ciirceration to its subject, the narcotic delinquent How does he 
respond to it? What beneficial results accrue to him os a result 
of »ociety*s interference with his life? Does he reform? Does he 
abandon both his drug habit and his predilection for stealing or 
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Does he make a new, socially acceptable adjustment be- 
cause of mtarceration? To answer these questions the water will 
depend chiefly on his own observations^ made over a penod of five 
years, in the Detroit House of Correction 

To be sure, the addict delinquent accepts incarceration with re- 
markable stoicism Owing to the relative brevity of the sentences 
imposed upon him, he views it as a mere incident of his type of 
existence The pason of today, after all, is fairly hygiemc — at 
least in the State of Michigan — , offers a more or less acceptable 
board, and does not subject its inmates to any overly rigorous work 
routine Thus it even possesses some elements of supenonty as an 
environment and hfe wjhedule in comparison with those enjoyed by 
most drug addicts when at large, except, of course, that in a well- 
conducted pnson no dmgs may be obtained unless presenbed For 
the addicts, free life is by no means enviable As many of them have 
related to the water, it is fre(|uently a gruelmg existence, divided 
between time spent m stealing or begging enough with which to 
defray the expenses of the drugs and the lethargy subsequently to 
the consumption of them Moanwhile, eating, shelter, and persona) 
hygiene are altogether neglected That this is a fact is obvmus to 
one who observes drug addicts as they are admitted into the work- 
house and notes their generally emaciated, dilapidated appearance 
It IS not surprising, therefore, tliat the addict not only accepts in- 
carceration stoically, but — and this must be added — gradually 
looks upon It as a hfesaver or a prolonger of hfe, as a form of vaca- 
tion which 18 to add sest to future addictum The latter statement 
IS amply confirmed by the fact that drug addicts often request in- 
( arceration from officers of the law with a view to reducing through 
externally imposed abstinence the overiy large quantity of the drug 
which IS required by them and which necessitates cnccessive steahng 
liooking then at the present method of incarceration from this an^, 
wo see that it tends to prolong mdefimtely indulgence in drugs 
The question necessarily anses here as to what ss to be done. 
How arc the problems of drug addiction and the attendant cruni- 
nahty to be handled? It mli^t also be asked whether or not the 
prison should continue to serve as m instrument of control If one 
were to pomt out the foremost obstacle in the way of a more success- 
ful treatment of addict criminality, one would) jfor example, ihreot 
attention to the framework of present Michig^ procedure, that 
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to available legudation One would note after even a cursory exami- 
nation of the laws governing such misdemeanors as petty larceny or 
begging that they are conceived m the spmt of the obsolete philosophy 
represented by such writers as Jeremy Bentham and Beceana rather 
than in the light of the more advanced knowledge gained from the 
vanous sciences of human behavior In the earlu r writers the idea 
of the so^alled average man is implied, one who w an independent 
spiritual entity, making deliberate ihoioes, mamly according to lus 
pleasure, between right and wrong, whose antisocml acts <ould 
therefore be stopped merely by opposing to them a quantity of pam 
commensurate with the pleasure denved from these aits To deal 
with this mythical average man, the Michigan legislature (mpo^\ers 
the judges to impose the penalty of a fine or a sentence not ex( ceding 
ninety days in a jail or a workhouse 

It 18 easy to sec that treatment of this type can have, at l^t, 
only fortuitous good results For we know today, not only through 
intuition but as a consequence of serious and thoroughgomg studies, 
that the causes of crimes against property and of other crimes are 
mamfold, and that any single-track, particularistic explanations can 
lead to nothing but serious t rror To refer specifically to the subject 
of this pap^, we are aware of the numerous ways m which people 
adopt the drug habit and subsequently become violators of property 
laws We know that in the processes which finally culminate m 
crime, the configuration of factors vanes, with the physical-consti- 
tutional factors playing the dominant rdle sometimes, and the social- 
cultural or sociopsychological, at other tunes An individual who 
18 suffering from a serious malady and becomes on account of it and 
for other reasons a drug addict and a thief could not be expected to 
give up his habit unless the Important causative agents, such as 
disease, unemployment, etc , were counterat ted in some manner A 
mere confinement of f$uch a man to a workhouse for a penod not 
exceeding ninety days would surely represent but an empty gesture 
Similarly, no improvement can be anticipated from the ^iMrt-term 
inearoeration of delinquent addicts whose deviations are attributable 
to a faulty upbringing ih conjunction with a hereditary tamt and poor 
environmental factors, the correction of which is either mqxMsible at 
the present cw would mvolve years of patient effort 

A fuhdamentsd approach to the question of drug^^Bddlct onmi- 
nahty required^ above all, a sound legislative foundation The laws 
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governing this field of human behavior must be brought into con- 
formity with the tested ideas of the sciences of man before any 
progress (an be made The judges must be empowered to deal with 
the person of the dnig addict — not with a legal fiction, but with a 
living human being, complex in make-up, multiple m motivation, 
and demanding, therefore, careful study and prescription Specifi- 
( ally, as an initial step, laws must be made with special reference to 
such cnminals as have been proved to be addicted to the use of 
habit-forming drugs 1 hese laws must have indeterminate sentences, 
with perhaps a liberal upper limit, five years for instance, for first 
offenders and no upper limit at all for second, third, and more fre- 
quent transgressors On the other hand, provisions should be made 
for a juchcious employment of the principle of parole, both to safe- 
guard the rights of the individual and to permit some expenmenta- 
ticm m a field m which knowledge is as yet far from being definite 
and organised Within the fraipework sketched here, which at least 
permits tune for treatment, a beginning might W made toward a 
more rational and scientific control of the problem It is admitted 
that such legislation might be discriminatory, since* it would subject 
the drug-addict delinquent to a differential treatment in relation to the 
nonaddict However, only a thorough recastmg of all laws govern- 
ing misdemeanors would obviate the necessity for special legtslaiion 
Given a sound legal foundation, the next step to oonader in the 
treatment of the drug-addict delinquent is the question of institu- 
tional confinement Obviously, the favorable custodial features of a 
well-ordered workhouse or prison make it probably the most logical 
place for this purpose Nevertheless, we may justly mquire whether 
even the well-ordered prison is properly equipped at present to 
undertake the complex task c^ handling the delinquent drug addict 
and of curing him of his addiction After all, mere confinement, as 
was earlier suggested, will rarely if ever be productive of any funda- 
mental change m his behavior His deviation must be attacked from 
many angles To begm with, he must have a most thorough medical 
examination, aimed at determining any possible harmful deviation 
from the constitutional norm Opportunity must be offered him 
subsequently to have every defect corrected which might m any 
mapner serve as a source of imtation This means the necessity for a 
medical staff composed of a number of specialists and for a properly 
equipped hospital 
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The next logical step would appear to be an att( mpt to discover 
the nature and extent of possible personality devia turns Since any 
given personality trait is always the result of tlw interaction of 
biological, social, and psy< hological factors proper diagnosis and 
prescription can be made only after a careful study of the individual 
from all these ptrspeftives, this study necessarily mvoKes tlie co- 
ordinated and ( CK)jx rative effort of spec lahsts in jisyelnatry, so( lology , 
and psychology Still, mere diagnosis of the personality is obviously 
HiHuffic u nt 1 here must follow a c arc fully pi antic d program of treat- 
ment, which might take the fonn of psychiatric and psychological 
measures, attitude reconditioning, academic, industrial, and health 
education, etc t requently many or all of these nu asures combined 
must be employed to bnng about even a modicuin of change How- 
ever, there are oases in which the personality is so warped that no 
amount of effort will avail, when the only recourse left is lifelong 
isolation from so< lety 

It IS apparent from this discussion that the pnson has a large 
order to fill if it is to serve as a useful matrument in the attack upon 
drug-addict delinquency Ah yet few pnsons can boast of such 
potentialities in even a fragmentary form Nevertheless, a \ery 
laudable beginning haa Iieen made by the Umted States Govern- 
ment at Lexington, Kentucky, in setting up an institution chiefly 
for the treatment cif drug-addict delinquents According to the 
writer’s information this institution, in its effort to treat the probic m 
m the light of present-day civilization, employs most weaixins 
tendered by the sc lences If it succeeds, it will be another triumph 
for those who believe that the real progress of man depends ulti- 
mately upon the application of the scientific spirit and method to 
the problems of human behavior 

Dbtkoit fforsR or Cokurction 

Plymouth, Mxchioan 




AN ANALYSIS OF FACTORS AFFECTING THE 
VOLUME OF CURRENCY IN CIRCULATION 

EDWARD C SIMMONS 


INTRODUCTION 

AN ANALYSIS of the factors affecting the \oIume of currency 
Ji\. m circulation may serve to clarify one aspect of the problem 
of monetary control If monetary policy is to be employed as an 
active means of economic regulation, the tcchmcal apparatus which 
governs the money supply must be perfected This paper is con- 
cerned with that problem and not with monetary policy 

The supply of money is composed of deposits subject to chock, 
and hand-to-hand money In this paper the factors affecting the 
second of the two components will be considered ' An attempt will 
be made to show that present regulatory devices are poorly suited 
to control the volume of hand-to-hand money and that their exist- 
ence makes regulation of the money supply difficult The principal 
defect in the present system is that the two types of money bear with 
unequal pressure upon the reserves This state of affairs is incom- 
patible with effective control of the volume of money 

Hand-to-hand money, or cash, is the subsidiary rather than the 
pnmaiy form of money The bulk of payments is accomplished by 
the transfer of deposits through the use of checks A residual of 
payments that cannot be conveniently made in this manner is 
accomplished by the transfer of paper money and coins The fact 
that a bank deposit is a chum upon a bank for cash, so far as the 
legal rights of the depositor are mvolved, must not be permitted to 
obscure the truth that depodts meet the primary test of money, i e 
they are instruments by the transfer of which debt and pnee con- 
tracts are discharged ^ The control of the supply of money must 
encompass both cash and deposits The teohnical apparatus of 

^ Keynes, John Maynard, A Tmiim on Mimey (London, 1980), 1 8; Currie, 
LaucMin B , Tk$ Supply and CanirtA 4f Motuy la CfnUed Statu (Cambridge, 
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monetary regulation, however, weights the fonmr very heavily 
This state of affairs harks back to the era when hand-to-hand money 
was the primary form and when the significance of deposits was 
not recognized 

The function of note issue in a deposit-using country is passive, 
as will be demonstrated in a latter soition of this paper * None th< 
less, the conditions under which cash is supplied do not permit 
passivity After a treatment of the factors affecting the volume of 
currency m cireulation attention will be given to changes m the 
present apparatus which would permit more cff( ctiv e control of the 
supply of money 

INTKRRELATION OP < ASH AND DEPOSITS 

Deposits are ono kind of money, lash, the other The user has 
the choice of the two forms The immediate problem is the investi- 
gation of tho causes which had to the use of cash As a starting 
txnnt, three distinct demands for it may Ix^ identified The gen- 
eral publio^s demand is of fir^t importance , secondly, there w the 
demand of the banka, which must be separated sharply from the 
demand of the general ))ubhc, finally, there is the demand of foreign- 
ers, an element of minor importance, but one which cannot be 
neglected entirely Correctly speaking, only cash held by the public 
is money That held by the banks is not spent, but is utilized m 
banking operations,* and that of one country held by persons in 
another country certainly is not money to tlu first country 

The amount of cash held by the public is the resultant of a vast 
complex of factors There an* two classes of cash holders, private 
individuals and business enterprises Individuals may or may not 
have bank accounts, but business enterprises normally do This is 
an important point, for the utilization of paper money and oxiins is 
greatly affei ted by the relation between the user and the banking 
system 

Tlie circumstances which determine the holding of money bal- 
ances by individuals and by business enterpnseB need not be con- 
sidered extensively in this paper * All that is of moment here is the 

* Cume, op ett , pp 110-114, Marriii, Seymour £ , TuferUy Yoart of l5Ki«ral 

FoCicv (Cambridge, Mass , 1988), 1 

» Currie, op oU,p 12 

* A careful treatmeot of this topic may be found in Howard S KUis, Qormm 
Moneiary Theory, 1906-93 (Cambridge, Mass , 1984), pp 09-76 
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extent to which money balances are kept in tin form of cash rather 
than in the form of dcjiosits There is some reason to believe that 
the tiercentage of the total which is availabit in the form of cash is 
not invariable The enterprise as well as the individual is obliged to 
hold more at one tunc than at another Tht e nterpnse fact s irregular 
receipts of ( ash, its t ill-money needs are nut constant, and in making 
up payrolls its holdings must be increased Howevt r, such holdings 
are generally kept at a minimum becaase of the risk of thtft The 
elimination by the Banking Acts of 1933 and 1935 of payment of 
interest on demand balances removes one incentivt to the prompt 
deposit of cash, although the difficulty of safektt pmg is undoubtedly 
a suffit lent motive to prevent its accumulation 

The experience of the past few years has demonstrated that 
hoarding is of serious consequence to our monetary system A 
shift m the public’s preference for money m the form of deposits to 
money in the form of c ash is but one aspoi t of the struggle for lupnd- 
ity Cash hoards may be built up m a number of ways, the most 
common of which is the withdrawal of bank deposits Only in 
extremely rare cases would it lie expected that bank borrowings 
would result m hoarding by the borrower directly The failure of 
persons to spend cash m the usual faaluon may also (ontnbutc to 
hoarding, although there is a presumption that the cash-using group 
does little hoarding, because of its low economic status Such hoard- 
ing m generally done by those who shift from deposits to cash The 
hoarder is unwillmg to continue to hold resources in the form of a 
claim on an institution whose solvency is uncertain, and he converts 
the claim into a more general form, paper money or even gold 
Because of the existence side by side of alternative forms of money, 
the monetary system has an inherent weakness, and the \ery device 
that IS supposed to assure publu confidence, namely, convertibility, 
becomes its nemesis 

Hoarding is a purely normatne concept What may be termed 
normal cash holding can be separated from hoarding only upon an 
empinc basis An irreducible minimum of cash holding, also a 
normative concept, will always be observed Sudden changes in 
such holdings, particularly m an upward direction, are a senous 
matter, because the banking system can supply only a limited 
amount At the time of the bank holiday m 1933 the cash holdings 
of the public were only about 100 per cent greater than m 1930 
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The increase which took place between 1030 and 1983 may be called 
hoarding because there is no evidence that the volume of cash pay- 
ments increased The term ** hoarding does not appear to be out of 
place m this discussion, although its limited significance must not 
be overlooked 

There is only one way to proceed against cash hoardings namely, 
to see to it that the banking system is strong enough to mamtain 
the confidence of the general pubbi The occasion should never 
anse for the complete conversion of deposits into hand-to-hand 
money Even so, one should note that hoarding presents so grave a 
problem because of the heavy incidence of cash on the reserves of the 
member banks as well as upon the reserves of the central bank When 
the public shifts from holding a form of money supported by a low 
reserve to another supported by a high reserve, embarrassment is 
inevitable Recent alterations in our monetary system have elim- 
inated the possibility of gold hoarding » and it should be observed 
that the changes made in the United States are only a further step 
in the directicMi in which England and Prance moved in re*^rdenng 
their monetary systems after the War Oeiiaudy effective control 
of the money supply does not entail gold redemption of hand^to^ 
hand money The elimination of the option to hold cither deposits 
or is not feasible, boweveri 

The approach may now be shifted advantageously from the 
discussion of balances to the discusmon of payments Some added 
information on the factors affecting Uie volume of money in circu- 
lation may be obtained by a consideration of the spending of money 

There is no direct method of measuring the relative amounts 
of payments aoeomplisbed by the transfer of deposits and by the 
transfer of cash Kmley*s estunatea, now out of date, ure usually 
extrapolated to give a figure of 90 to 95 per cent of total payments 
as representing check transactions ^ 9nyder estimated on somewhat 
Afferent grounds than Kmley that in 1927 some 90 per cent were 
^tled by chedcs ^ The exact figure, however, is unimportaat 

The residual of payments requires some consideration One kind 

* Klnley, David, Vh tf CrM in PaiOfnsnts in Cfmtad 

National Monetary CommlMiop, 61«i Contrsai, Sd Dae. No 809 
(Wiahitigtan, UKe): FMier, trying, Ths Pnrthasing af Mwuy (New 
Yoik, imh PPw 

* Sny^, Carl, Measure ef the Oeaera) Price TiW 
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of transaction involves only one turnover of cash ajsainst goods 
the cash is withdrawn from the bank, spent, and returned to the 
bank There seem to be reasonable grounds for holding that this 
18 the typical pattern In the other type the money makes repeated 
turnovers after being withdrawn from the bank The latter type is 
characteristic among persons who have no banking connections^ and 
18 probably of minor importance Fisher attempted to estimate the 
manner in which cash behaves, and concluded that, in 1909, 38 per 
cent of the cash m circulation made one turnover, 67 per cent made 
two turnovers, and the remainder, three or more^ As Mitchell 
pointa out, however, Fisher's estimates mvolve so large an element of 
coniecture that they are of doubtful worth • 

Burgess haa made certain studies of the movement of cash at the 
Federal Reserve Bank of New York * The volume of cash exhibits 
several types of shortgun Suctuations There is a rather pronounced 
weekly movement — cash goes out of the banks m the latter part of 
the week and returns m the early part of the week This cyde, 
Burgess suggests, is to be accounted for by payroll disbursements 
Analogous movements are discermble at the middle and the end of 
the month Deposits are converted into cash, the cash is spent and 
returns to the banks Such transfers represent a shift from one kind 
of money to another rather than an absolute change in the amount 
of money Holidays, especially when they fall on week-ends, cause 
a temporary upward surge m the amount of cash m use Presumably 
individuals withdraw larger amounts than usual from the banks, and 
merchants, too, supply themselves with larger amounts of change 
Holiday demands also represent a shift m the kind of money used 
There are pronounced seas^mal movements as well The high 
point is reached on the last of December, with a minor peak m June, 
and the low in January Whether or not a deposit expaniJon is 
called for at ihet seasonal peaks is a question for monetary theory, 
but there can be no doubt that additional amounts of hand*to*hiuid 
money are needed at certain times of the week, month, and year 
The long-term movement of cash relative to deposits has been m- 
vestigated hy Angell, who found a continuous declme m the ratio in 
^ Dkluw, op gk 474 

* MitchsU, Weekty, ^u«iao«r Cyoleo, ih$ Prabiem sad lt$ 8tUin0 (New \ ork, 
lW7),p 127 

* Bturgaw, W Randolph, Ths Hmm RdmSo and ito Afoaoy Market (New 
York and IxmdoD, 1936), pp 82-86 
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the period from 1890 to 1934 Thw neems to indicate that a smaller 
and smaller relative volume of payments is efft^cted by transfers of 
^ash Angell’s ratio provides a verification of the belief that cash is 
becoming less important The velocity factor must be taken into 
account, but, unfortunately, there arc no satisfactory data on this 
matter 

There is somf n ason to bclit vc that in the past few years there 
has been a shift away from checks to the use of rash The ehnuna- 
turn of many banks has reduced bankmg facilities and thus caused 
a number of people to use cash instead of checks and to hold larger 
amounts of cash With fewer banks, cash is less easily obtained by 
withdrawal of deposits, and aei umulations of it are deposited loss 
frequently The lack of convenient bankmg offices became so senous 
in Chicago in 1934 that money-changing establishments fiounsbed 
Another factor that has operated to discourage the use of checks 
has been the general practice by the banks of applying service 
charges and enforcing minimum balances The small checking 
account is definitely discouraged In the struggle for mereased 
earnings the banks have endeavored to transfer costa to depositors 
Some appreciation of the magmtude of tliese charges may be obtained 
from studies of bank earnings Such fragmentary data as are avail- 
able justify the inference that banks have increased their inttime by 
the use of service and exchange charges “ 

A third factor of some importance is the extent to which local 
governmental bodies are obliged to hold cash because of statutory 
requirements as to receipt of mterest upon deposits This point has 
l)een referrenj to by the Federal Reserve authorities, but they have 
presented no specific data It seems reasonable to beheve that cash 
holding by governmental units ss a transitory phenomenon and that 
it will disappear as existing legal requirements are mcxiified to allow 
deposit of funds at lower or aero rates of interest 

When we turn from the demand of the general public to the 
demand of the banks, a different set of factors must be considered 

" Angetl, James W , The Behamor of Honey (New York and London, 1936), 

pp 18-20 

Annual Repori of the Board of Gooemoro of ihe Federal Remve for 
t9$$t p 15S, Annual Hepori of the Federal DepoeU Jneuronoe Corporolton/or 1996^ 
pp 198"200 

** Annual Beporl ctf ih$ Board of Oooemare of the Federal Rmrve 
for t9U, p 25 
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The published data on money m cm ulation lump togi ther the hold- 
infp* of the general public and of the banks, which la unfortunate 
The reason for reporting the data in this form appears to be that the 
holdings of the Treasury and Federal Reserve banks are reaiJiJy 
available^ whereas the holdings of the memlxr and nonmember 
banks are obtainable only for call dabs Various investigators, by 
subtracting vault cash of reporting banks from money in < irculation, 
have construe ted senes showing the cash holdings of the public ** 
The most elaborate of these is that of Angtll, who has binit up a 
monthly senes by estimating vault rash holdings for inbrtall dates 
This senes is of only limited us< fulness Wause of its method of 
denvation For the purposes of this paper the data are not of im- 
portance, and little weight need hv placed on the quantitative 
matenal 

EFFECT OF VAlUATIONS CA8H UPON BANK HESI-KVES 

As IS generallj knoan, member banks are not permitted to 
count cash m vault as legal reserves, whith, under present laws, 
must consist of free balances with Federal Reserve banks The vault 
(ash of membi^r banks therefore consists only of till money and is 
ordinanly kept at a minimum (onsistent with the day-to-day needs 
of the bank Since the Federal Reserve banks bear the cost of 
transporting cash, the meralx'r bank is enabled to slup all excessive 
amounts to its Reserve bank and to mamtam its legal resen es at a 
maximum During the 1920'fci the member banks were able to reduce 
vault cash to a small percentage of deposits, as the Committee on 
Member Bank Reserves of the Federal Reserve Board observed** 
There is actually no reason why vault cash should not be included in 
legal reserves Itt fact, those member banks which are located at 
some distance from Federal Reserve banks and branches are dis- 
rriminated against ** 

The vault cash of a bank serves to meet the withdrawals of 
depositors, to supply change to customers, especially retail merchants, 
and to negotiate items for nondepositing customers In most centers 
clearing-house balances are no longer settled m cash directly The 

^ Ftober, iip cti , pp 432‘-444, Cumei op at i pp 20 38| AngeU, op ett , 
pp. irA-isi 

** Momher Bank Renerwait Hepori of the CommtUoe on Bank of tha 

FetUrol Roterve Sj/aUm (1931), pp IQ^U 
“ l,pp 13,22-28 
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vault caafa of the banlce as to all intents and purposes the means 
through which deposits are converted into hand-to-hand money 

In periods when excess reserves are at a minimum the l^nks 
hold no more vault ca^ than is absolutely necessary When excess 
reserves are large^ banks may allow vault holdings to increase In 
1929, for example, vault cash of member banks stood at 1 5 per 
cent of deposits, but m 1936 had increased to slightly over 2 per 
cent One should note with reference to the problem of excess 
reserves that reduction of the ratio to the old figure will con^ 
tnbute between 100 and 200 nulhon dollars of additional reserves 
Member banka wore able to reduce vault cash frmn 3 5 per cent of 
net deposits in 1916 to 1 5 per cent in 1929, and a sumlar development 
may be expected in the future 

As the system is now constituted, increases and decreases of vault 
cash cause exactly inverse changes in the legal-reserve position of 
the banks. There is no reason why the disposition of the manage- 
ment of the individual bank to bold more or less vault cash should 
affect the reserve position of the banking systm The present re- 
quirement was adopted in 1917 to force member banks to depodt 
gold in the Federal Reserve banks, md that end has long Mnee been 
achieved Vault cash should pit^rly be included in legal reserves 

The final pomt to be considered is the tknmg of increases and 
decreases In the volume of money in dreulation relative to other 
vanables A net Inctease in the volume of deposits ta frequently 
held to be fc^lowed after some interval by an increase of money m 
circuia^on ^ The analysis runs in this fashion The banks make 
additional loans, the borrowers taking the proceeds in the fma of 
deposits, subsequently the goods are pla^ upon the market m 
the sphere where cash is used, and added hand-to-hand money Is 
required, at the peak of the expsnmon there occurs an *^mtemal 
drain ''(mthn banks, to use Hawtrey's phrase^ This sequence leads 
to the position, adopted by the Fed^ Reserve Roard,*^ Uiat contix^ 

^ iissaof Bepwi <4 ^ Beerd cf (hvernort <4 (he Bedmd Beeeum for 

i W, p 184 

^ For a oempartfott of vauH each to ca»h in the haiub of tha public >ea 
A&gsfi, Of edtpp 14-18 

Eoie, liemd t> , Vcftsp, Book CrodU mod Pfie$$ (New York and Lbadcii, 
1933)i pp 171*178, BmuifMd, F A., Mtmty mod amoktod (Ksw York and 
iMtdon, 1986), pp 419-490* 

» Hawtrey, R O , tfurrmey and €r$dU (New Ybfk and Lendoa, 1919), 

pp 20-98 ^ r 
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should be exercised over deposits rather than over note issue directly 
Empirical verification of the sequence is to be found in the immediate 
postwar boom** Strictly speaking, this kind of sequence will be 
observed only if the multiple expansion of deposits arises out of the 
granting of working-capital loans, which may explain why the lag is 
not observed in the I928'-29 period, when commercial Joans had m 
a large measure lieen replaced by other types of bank assets 

Angelas work on tins phase of the problem shows that there is no 
ground for holding that outside currency follows any definite pattern 
with regard to depomts, wholesale pnces, retail prices, department 
store sales, and payrolls In fact, there is little evidence that the 
volume of cash held by the general public during the period from 
1923 to 1930 behaved m definite relation to any other senes indica- 
tive of business activity ** Another point of some significance raised 
by Angell is that, on a monthly basis, cash held by the public and the 
circulating deposits do not fluctuate inversely *• On the whole, they 
tend to move together, increasing and decreasing at the same tune 
A precisely inverse relationship would be required if the supply of 
money were to be held constant As the monetary system is now 
constituted, this end cannot be achieved 

Enough is known of the behavior of deposits and cash to lead to 
the conclusion that the general public’s and the bank's demands for 
cash are not constant Under the Federal Reserve System a mecha- 
nism has been provided by which the volume of paper money can be 
increased and decreased m accordance with the demands of cash 
Users There can be no question that this la a techmcal improve- 
ment over the national banking system A member bank can supply 
additional cash to the public by drawing upon its Federal Reserve 
bank. A losa of legal reserves results, it may be compensated for 
by the member bank's borrowing at the Reserve bank^ Actually this 
seems to have been the usual procedure, for money in circulation and 
borrowmga exhibit similar movements*** 

A general question may be raised at this point as to whether or 
not the mechanism of the Federal Reserve System is a satisfactory 
method of supt^ying additional cash An increase in the pubUc^s 
a 9p p li09« 

» pp 69 

Burnw, op ^ pp. Tg-TO; OddeDwefawr, E A , yodaml 
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demands for cash forces member banks mto debt unless member- 
bank reserves are increased m some other way, e g by gold imports, 
open market operations, or Treasury disbursements Increases in 
member-bank borrowuigs tend to cause a tightening of the money 
market, as has l>een demonstrated by Hiefler ** If the shift by the 
public from deposits to cash is interpreted as a change in the compo- 
sition of the money supply, then seems to tie little reason why money 
ratfis should be subjected to any pressurt That they tend to be is 
merely an accident developing out of the fait that cash trenches 
more deeply into reserves than do deposits 

There is an important problem involved m member-bank bor- 
rowing The control of the volume of member-bank reserves is 
vitiated by permitting member banks to borrow at the Reservi 
banks At the outset the issuance of Fodc ral Reserve notes was 
linked closely to borrowing, but the (onnection has been largely 
severed by administrative an<l legal < hanges ” The vestigial elemtnts 
of the original devices do not provide elasticity of note issue Al- 
though tlie present methods allow variations in the volume of paper 
money, they do not permit these vanations to take place without 
marked efifects upon the reserves of the banking system The control 
of the supply of money is therefore rendered awkward In this 
conaeftion the large increase m the cash holding of the pubbe which 
lias taken plate in the past four years serves as an excellent illustra- 
tion 1 he amount of cash held by the public is now larger than tver 
before Fortunately this mt rease in the volume of money jn circula- 
tion has come at a time when the banks have had large excess re- 
serves, so that member banks have not been obliged to borrow to 
maintain their reserve position This is m sharp contrast to the 
situation in the final quarter of 1931, when the loss of reserves induced 
by gold outflow and cash withdrawal caused a severe contraction of 
deposits 

Of hit thmgs being equal, an increase in the Cash holdings of the 
publu tends to force a multiple contraction of deposits The de- 
positor withdraws cash, releasing the bank from the necessity of 
mainlatmng a legpi] reserve against the now extinct deposit The 

** Hiefler, W W , Money Halee and Money Markelt m the Vmted State* 
(Now York and London, 1980), pp 27-30 

•• Cumo, op citfp,l9S 

* Simmone, K 0, ^^FUuitiatty of the Federal Iteeorvo Npte/' A-tnertcan 
SoMow, 26(1^) 688-690i 
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dedme in dep(>Hits^ however, relea«eh only a fraction of the re^iervew 
needed to supply the cash 1 he bank’s vault < ash is depleted, and 
it must Hecurt cash either by borrowing or by disposing of asaetH 
Its borrowings will be temporary in any cast , so that a sale of assets 
will rtsult eventually, with a consequent multiple lontraetion of 
deposits Only if some adcbtional bank resorveh appear at the 
opportune time is the tendency arrested 

ftinularly, a reduction in the cash holding of tlu pubhi tends to 
cause a multiple expansion of deposits Unless member-bank re- 
serves an reduced at such a time, mi expansion of the supply of 
money will result from a change in the fomfiosition of the supply 
An f xamination of the factors affecting the volume of money in 
circulation, or, m other words, of the cash holclmgs of the public and 
of the banks, does not reveal any reason for focusing monetary c ontroi 
uiKin cash rather than upon deposits The public holds more or less 
(ash as a matter of convenience The banks hold mon or less casli 
111 accordance with the needs of the public and the volume of legal 
rese^rves Changes in the relative amounts of cash and deposits are 
to be explained by changes m the public’s prefereme for alternative 
forms of money A well-designed monetary system should be able 
to supply the public with either cash or deposits m accordance with 
the public’s preh'rence The total amount of both forms should be 
detc rmined by monetary policy 

COMFtuNSATORV ACTION BY THE CBNTUAL BANK 

The monetary system of the Umted States is so constructed 
that control over the total supply of money la difficult It must be 
exercised by means of the volume of reserves of both member banks 
and Federal Reserve banks The fact that changes m cash bear 
directly on reserves and changes m deposits bear upon reserves only 
through a system of leverages results m a differential incidence 
Under the present system an increase m tlic cash holding of the 
public tends to force a multiple contraction of deposits, and vice 
versa This situation is illogical Its existence is to be explained 
only in terms of the lustoncal evolution of monetary institutions 
Fundamentally, it reflects the belief that deposits are "credit” rather 
than money, a conception which might profitably be abandoned 
Before we conclude this discussion some consideration should hp 
given to the interrelation of the member banks, the Federal Reserve 
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banks, and the Treasury, which is in itself a central banking m* 
stitution 

The problem is ccmiplicated by the fact that cash is supplied by 
the Treasury and by the Reserve banks to the member banks, which 
m turn supply the public Almost by accident, it seems, the sup- 
plying of minor and subsidiary coins creates member-bank reserves 
as the public’s withdrawals of these coins from the banks reduce 
those reserves The Treasury buys the metal to manufacture the 
come, and so depletes its balances at the Reserve banks, when the 
corns are minted they are lahipped to the Reserve banks, which auto- 
matically increases the Treasury’s balance Unless the Treasury 
maintains its balance at the new figure, which is unlikely, the member 
banks are automatically provided with additional reserves Supply- 
ing the public with newly mmtod coins is thus accomplished without 
a tendency toward multiple contraction of deposits 

An an^ogous case ts the issue of silver certificatea The Treasury 
buys silver, drawing down its balance at the Reserve banks initially, 
but increasing it subsequently by paying over silver certificates to 
them These certificates are shii^i^ m turn to the member banks 
and paid out to the pubUc as paper numey is withdrawn Additional 
member-bank reserves are created There is one sharp difference 
between com manufacture and silver-certificate issuance The fornix 
IS adjusted to the estimated needs of the pubbe, whereas the latter 
18 under a mandate from Congress 

When cash is supplied from the ’’other cash” of the Federal 
Reserve banks without any change m the amount tA Treasury issues, 
a depletion of the reserves both of the Federal Reserve banks and 
of the member banks occurs If the cash consists of Federal Reserve 
notes^ the Federal Ree^we banks do not lose reserves, for there is 
merely a tymg-up gdld«*certifieate reserves Member banks draw 
down their deposits, releaidi^( the 35 per cent reserve In the form of 
ff/M certificates or lawful money or both held against them, and 
take notes, against whieb a miftmum reserve of 40 per cent m gold 
cer^cates must be mamtalnad Sere again the differeinita} mserve 
requimnmit operates is 6 cent^ but nrnmaUly the 

differential Is greater because of the imcetsity pC 
a 4b p(^ cent gold-oertiificate reserve behm4 Bcoscve notea 

An increase m the cash hddmg of ihs thuk has several 
pcwble effcfcts upon the reserve positfon of member banks and 
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of the Reserve banks If Treasury currency increases at the same 
timei member-bank and Reserve-bank reserves are left unchanged 
If the Reserve banks furnish the cash from their other cash, member- 
bank reserves decline and Reserve-bank reserves declme If Federal 
Reserve notes are taken^ memben-bank reserves fall, but Reserve- 
bank reserves are unchanged m amount, although an increased 
number of gold certificates is tied up 

In none of these cases need member-bank reserves decline, pro- 
vided the member banks borrow to obtain the required cash In 
fact, they may increase by more than the cash wittidrawals m tiie 
cases where the Treasury supplies additional cash to the Reserve 
banks 

The central banking authorities can forestall incidence of changes 
cm member-bank reserves through open-market operations, and thus 
prevent the money market from being affected by the behavior of 
cash As cash flows into the hands of the pubhc, open-market pur- 
chases could be used to restore member-bank reserves and to c^set 
the tendency of member-bank borrowing Similarly, m the event 
of a declme in the cash holding of the pubhc, open-piarket operations 
could be used to reduce memberwbank reserves This type of action 
would seem to be called for if the Treasury were passive Open- 
market operations on a somewhat smaller scale than cash mov^ents 
would be warranted because the purpose would be to maintain that 
volume of reserves which would permit deposits to mcrease or de- 
crease by the same amount as cash decreased or increased The 
judicious use of open-market operations could serve to compensate 
for losses and gai^ m member^ank reserves caused by changes m 
the amount of circulating cash 

The reserves of the Reserve banks, however, would not be re- 
lieved of the incidenoe of changes m such eashu A reduction in the 
gddHjerUffoate reserve behind Federal Reserve notes to the same 
perotiititge as the reserve against deposits m member banks would 
pailfy aooomphsh tins end By obliging the Reserve banks to main- 
tmn oaify $5 per cent of 14^ 20, or 26 per cent coverage, aa is the case 
with d^Mseits, or approximately 7 per cent on an average bams, an 
inerease in Fed^al Reserve note circulation could be made to have 
Ihe same effect aa an mcrease in membor-barde depomts 

hue of attadk wouM bo to have the Treasury supply 
aU cash to iSoo Reserve banks, is both corns mi paper money 
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The Reserve banks would call upon the Tnasury to meet the de- 
mands of the member banks, which in turn would supply the publn 
A redu( tion in the public's holdings would flow to the Reserve banks 
and thence to the Treasury The Reserve banks would control the 
reserves of the member banks by open-market operations This 
scheme is visionary, to say the least, but it would remove some of 
the present defects 

Another possible plan consists in having the individual memlior 
banks issue the paper mumy, the notes being baiktd by the same 
reserve as deposits Coins might (ontiriiie to b< supplied as at 
present, for with appropriate' open-marki t operations thi effects of 
( lianges could be compensated Fur obvious reasons, the tre nd docs 
not appear to be m this direction I here is no nc ed to dwell upon 
the cumbersomeness of such an arrangement In short, it mvolves a 
rc turn to the national banking system 

Finally, there is the ideal solution, namely, tlie adoption of the 
" 100% plan ” ** Under this plan there would be no reserve leverages 
withm the monetary system Cash and deposits would move in- 
versely, and changes of the composition of the money supply would 
not fflduce changes m the supply Ihe '*100% plan” eliminates 
not only multiple expansion of deposits but also the differentials in 
the meidenco of different types of money upon reserves 

UsivEKsin ur Michioan 

” EKmnns, Henry C , A Pvnbvt Program far Immu Pwt (Chicsgo, 1034), 
pp 23-29, Cume, ep ol, pp Kl-ifid, Fisher, Irving, t00% Monty (New 
\ot\, 1939) 



PUBLIC-UTILITY VALUATION SINCE 1929 

O EMEEY TROXEL 

T O COMMENCE a summary and an appraisal of recent de- 
velopments of the moot and perennial probh m of public-uUlity 
valuation one cannot do better than to quot<. these recent incisive 
comments of Mr Justice Stone ^ 

Is asBumina tbs task of determising ludloiaUy the present f»ir replarement 
value of the vaat {nroperUea of public utUitiee, courts have been projected mto 
the most apeculative undertaking imposed upon them in the entire inatory of 
English iuHiprudenoe When we arrive at a theoretical vaiue based upon 

Ufioertain and fugitive data we gam at best only an iUusoiy certainty 

Dunng a severe depression seemingly unnecessary legal entangle- 
ments which enmesh pubhc-utility regulation are most noticeable 
If appeals and retnals may be avoided, it is a fortunate and able 
eommimon which may consummate m one year a latrly thorough 
rate mvestigation of a sisable system With court appeals prolonged 
investigations of from five to ten years are not uncommon Thus 
dunng a depression prolongation of an investigation for as much 
as one year, not to motion a five-year penod, may result in a mean- 
ingless decision, because pnee, cost, and income conditions have «> 
changed m the meantime that a new investigation is warranted To 
the protracted junstie *'fidr ’'-valuation process may be attributed 
muth of the slowness of regulation and the mfre()uency of mvosUga* 
tions When a commissum must obtain a costly detailed engineenng 
appraisal of reproducUon. cost and thereafter combine this valuation 
in acme legally Undefined manner With other but unrelated valua- 
tion elements to form the fauvvalue fu^on, no commission may 
effectively mvestigate mote than a few companies each yem* The 
recent nbarp decline of prices — the firA smee state regulation of 
gasi electnc, and telephone utilities has been attmpted fdiouid 
have aroused Jurists frotSn their apathetic belief that coat of repro- 
duetUm, the ^uetificaium of the use of whWh assumes increaHing 
pHees, is a proper valuation ingredient 

^ ITsWa €%) $apnk $ ^ INttosiss Ca, S95 V 3 6e9(lW) 
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Consequently commission and court opinion on pubhr-utiUty 
valuation m depression environmtnt Hill be observed and bnofly 
appraised First, recent opimons on the content and determination 
of fair value will be surveyed Then a new development, the use 
of pnee indices for measurement of reproduction cost or fair value, 
will be observed And, finally, revision of opinion on going value 
will be recounted 

I 

Smee 1929 the Umted States Supreme Court has considered 
methods of measuring pubhc-utihty valuation in two leading deci- 
sions In neither of these decimons is there a hopeful sign of relaxa- 
tion of the Court on its aged \ aluation doctrines Nor is there any 
indication that econonuc arguments have pierced the apparently im- 
penetrable legal bulwarks which so long have confined the valuation 
step of the rate-fixation process And, still more sigmfirant, there 
IS as yet no consideration by the Court of the goal of effective utility 
regulation, which has been impeded by the valuation ** bottle-neck ” 

When the Los Angeles Gas and Electric Corporation decision was 
given in 1933 some students of business regulation believed the Court 
would not long be “wallowing in this historic muck “ * Perhaps 
their exiiectations were too much founded on Mr Justice Fierce 
Butler’s lone dissent And yet the Calif orma Railroad Commission’s 
fair-value figure of $05,000,000, which was only $5,000,000 more 
than cost, was upheld by the Court As judged, however, on the 
following excerpt from the opinion, the Court altered scarcely any 
of its forty-year-old valuation geneTalities • “An honest and in- 
telligent forecast of probable future values, made upon a view of 
all the relevant circumstances, is essential “ 

Denymg that it had “departed from principles announced m 
earlier cases,” the Court reiterated that its “duty is merely to 
ascertain whether the legislative process has resulted in confisca- 
tion “ * Consequently, the Court’s moat recent treatment of basic 

* Qlaeser, Martin G , “The Supreme Court Shede More bight upon the 
Doctrine of Fair Value, ' Journal of Land and Publie Vtuhty Scon<mt%C», 11 (1935) 
316 

■ boe Angelea Oat A SUc Carp v H R Comm cf Cahfonnaf 289 U S 387 
(li^) See also Clark" t Ptrry Bridge Co p Pub Setv Comm of Penintyleania^ 
291 U S 327 (1934) 

* IFeat p Cketapeake A Poiamae T^ephone Co , 393 0 S. 662 (1935) 
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valuation nqumitrs m thr Los Angeles das and pjlectnc Corpora- 
tion and the Chesapeake and Potomat Telephone f^ompany cases 
indicates continuance of the utility-valuation mixtun of unrelated 
data Indeed, the Cvourt has advanced but little m analysis of the 
valuation problem since the Smyth v Amen decision ^ The follow- 
ing excerpt from the Chesapeake and Potomac felt piione Company 
opinion reveals the almighty importance of the Smyth v Amen do- 

(JSlOll ® 

the amount of that inveatment w to be considered alon^ witli the pnj|> 
erty as prwsntlv exiating, m order tti arnve at a fair oonrluaion as to the pres- 
ent value, for actual ( ost, reproduction cost and all other elenn nta affei ting 
value are to be given their proper weight in the final <onc)uaion 

fht idea of an ^Mntelligtnt forecast of probable futuie vahus" 
m earlier Supreme Court decisions has been expanded in the Clusa- 
peakt and Potomac Company case to this more explnit, but prob- 
ably more disturbing, conclusion ^ 

It 10 true that any jrust valuation must take into account t hanges in the 
level of prices While the owner of such property must iiHsume and 

may not pass on to the public the rink involved m a geripraJ decline in values, 
and may have the advontagt also of a general rise m sucTi values, it would not 
only lx. unfair but Impracticable to adjust the value to sudden jfudwo/totw 
III the price level A public ser\ ice corporation ought not be permitted 

to cUtun to the last dollar an increased value consequent upon a sudden and 
precipitate rise in spot prices of matonal and labor No more ought the value 
be depressed by a similar sudden decline in the price level [^/taltcs 
supplied ] 

If the requisite of forecasting the trend of prices lias always re- 
vealed the Court’s unfomihanty with economic affairs, so much more 
do these comments on "sudden fluetimtmns" of prices reveal a lack 
of understanding Obviously pubhc-utility valuations are not to be 
changed each month, because the commission form of regulation does 
not entail frequent investigations It seems proper, neverthcle^, to 
use "spot” pnees, rather than some average of pnees to ehminate 
suddc n fluctuations of pnees, in calculating cost of reproduc tion as 
a step m determination of eclectic fair value Or, to put the criticism 

* mV S 466(1898) 

* See n 4 Mr Justices Stone and Cardoso, in St Jo^yh Stock Yardc Co 

p U S , 289 U S 38 (1936), assert that the * **dootrine of ofare derfsts, however 
appropriate and necessary at times, has only a limited application m the field 
of constitutional law ** ^ 

T We»t p Cheaapeoke dr PoUmae Telephone Co , 293 U S 662 (1986) 
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otberwwe, there are no rulea or means of measuring how many years’ 
average of pnees will satisfy this requirement Who will eontend 
that ^'normal’* prices may be forecast? 

Secondly, the Court may, without recognumg its path, be veenng 
toward use of the prudeiit-investment or onginal-cost measure If 
in eliminating sudden ductuations of prices a long enough penod of 
prices w used to obtain the average, prudent investment and esti- 
mates of cost of reproduction may be so similar that it will be un- 
important which one is accepted for the rate base 

Finally, the Supreme Court awaited depression years, when com- 
pany claims for cost of reproduction were much reduced, to emphasise 
the need for “average” rather than spot prices m calculating cost 
of reproduction The dissentej^ in this case observed through Mr 
Justice Stone that ^ 

Fcr ^ period of twenty years or more of rising paces, commiadoiM and courte, 
including tht« one, have regarded pace vanations m perauaeive evidence that 
present fair value was more than cost I see no reason for concluding that they 
arc of less weight in times of declining prices 

To judge from the variety of decisions, state commissions and 
lower courts have not been able to decipher the verbiage of the 
Supreme Court on pubbc-utiUty valuation Some commissions had 
fixed fair value considerably above original cost, others believed 
that m*}ginal cost or less was a fair value dunng depressum years 
A number of commissKms gave consikleration to the sharp declme 
of construction costs, while others dismissed the mfluenoe of pricie 
tremds, a factor that has been etnphasfaed by the Supreme Court 
A few commissions chose spot pnees to measure cost of reproduction, 
whereas others selected an average of a varying number of years 
of prices in calculating reproduction cost 

Crenendly, state oommissions have not digressed far Su- 
preme Court declarations on valuation Some of these commission 
opinions since 1920 indicate imphnt willingness to endeavor to follow 
the Court • They believe tb^t a regulated company’s rate base ^*is 

* Wefi V ChHap9ak$ 4t Pp^mac TpUpfmieCo , 99$ U S 009 (1080) 

* ^ /ttdumo ikmot F IT R , lOSOR, 878{ Tmattse Xkc 

Pr Co CTem^P V a,10^319r Ihdf l^ta ^ Hew ^oroey » 

mMWeatouw nw <7^(UgcirOi),i’viu loaos^ m, r* mo a«a 

T4M<mCo, (Ohio>, P V l08ia 40$ Si fxwwam Sot* Comm (Mo), 
R, cr a 1081B,44S, (K IfXr \J R., tOOlC, 90$; 

mi a h Ch (Nev),P V RtlOSlC, 14, ReAUimadrUir 
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not the result of consideration of any one element and that rate 
oases should not be put m a straight jacket of rulen'^ rather, fair 
value should be based on a reasonable judgm^t of relevant 
facts In several depression^ime rate cases the California Com- 
mission was content to follow the Supreme Court and, indeed, to 
insist that its valuation doctrines be followed because the fall of 
construction costs frequently made possible fixation of fair value 
equal to or less than prudent investment To this Commission, 
which has long preferred use of prudent-investment measurement 
of the rate base,^ it was not conceivable that property “80% of 
which has been constructed m the high-pnce period following 1919, 
could not be reproduced for a lesser cost under pnees prevailing in 
1933 ’’ Other commissions, although there was an avowed 
adherence to Supreme Court decisions, placed fair value below repro- 
duction cost or baaed it on histoncal coet, which approximated cost 
of reproduction 

Declining prices m the depression afforded several commissions 
an opportunity to depart from the valuation mixture of the Supreme 


Co (Va ), P U R , l9d2C, 842, ^anU>r^SpHng Brook Wai«r Soro Co v Pub 
8er» Comm (P* Superior Ct), P U B., 19S2C, 471, Kt PoUmoc Mdtaon Co 
(Md), PUR, 19388, 6, He Broad Htt/er Pr Co (S Car ), P U R , 1933C, 
861, /gtnoK Comimree Comm p Pub Serv Co o/ Nor /U , 4 P U R. (K 8 ), 

1 (1934), Devi of Pub Worke p Waehmffion Water Pr Co (Waah ), 4 P UR, 
(N 8), 363(1934), He Home Oae & Bko Co (Colo),5P U R (N S), 107 
(1934), BlythmUeP Bh/thevm Water Co (Ark). 16F U R (N 8). 177(1936) 
Biko p BIkthlanunUe Pr Co (Nev), PUR, 1931C, 14 
» ft e Home ff iMi Co (Colo), 5 P U R(N 8), 107(1934) 

» BlytkwUUe mytkepUU Water Co (Ark ), 15 P U R (N S ), 177(1986) 

^ Wherever the California Railro^ Commuaioa baa been able to find 
adequate coet data, prudent inveetment has served aa Ute lone or principal 
meaeure of fair Value* To appease the regulated coinpaniea and to limit numerous 
eourt eontroveniei, a leturn has usually been attowed In excess of a fair return 
measured on cost. Re toe Angelee Qae A Klee Corp (Cal ), P U R , 1931A, 
189, Pirvsno TVuorion Co o 8m Joaq^mn U A Pr Corp (Oal ), P U H , 1982D, 
810 

Co (Cal), IP U R.(N S), 1(1988) See also 
Csl^omta Purm Hufsav Pod* o 8m Joaquin LL A Pr Corp (Od ), P U R , 
loeAnpeieep 4ota Col, Telephone Co (Cal), 14 P U B. (X 8), 
a62<1936}! Aon I>ie0» p 8m Diepo Coneol One A Stee Co (CalO* 7 P U R 
(K a), 448(1986) 

Re Aupuriu IhM ^ T^hmeCo (Wis), P U R., 19338, 478, Re JUme 
Stee Coe Co (Okta ), P U VL, 19880, Ij Pub* 8m Comm of Mieedun v Baet 

P. V JL, 19881:, 888, He Bouthem Belt Telephone Co (Okie h ' 
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Court In the light of falling prices the Oregon Comnussion believed 
that “prudent-investment theory is afforded additional weight and 
value by the fact that a substantial portion of [the] plant 
[was installed] dunng the past ten years when prices were some- 
w hat above a normal level ” The Maryland Publn Service Commis- 
sion, which was rebuked m the Chesapeake and Potomac Telephone 
case/^ asserted that “the importance of onginal cost is enhanced” 
because of inability to obtain adc qtiate prices to enable it to measure 
reproduction cost ** Another commission, winch regards the valua- 
tion generalizations of the Supreme Court as “arbitrary and capn- 
cious,” permitted what is “substantially the prudemt investment” to 
be the controlling valuation factor 

In 1933 the Wisconsin Public ServK e Comimssion anticipated and 
even extended the Supreme Courtis view that public-utihty valua- 
tion should not be affected by suddc a fluctuations of pnet when 
it concluded that 

A time of bui^ucss stagnation, of ruinously low prices and ‘'subrnstenie 
labor rates, of rapidly fluctuating prices and values is not the time to call upon 
this Ckmimission to base rates upon a fair value, and thus defeat the Commis- 
sion s desire and, indeed, its duty to preserve the stability of this essential 
business We have an obligation to the investors in this property, ami until 
specifically directed by the courts VrC decline to proceed upon the basis of a 
fair value of the proport) under present eonditioos 

Determination of fair value should not be restneted to recovery and 
boom times If reproduction costs shall be given weight only in 
prosperous economic environment, the fair- value concept is a mis- 
nomer which impedes realization of rate reductions 

In conformity with the Supreme Court's belief that the trend of 
pncea must \>e examined,” because of the necessity of forecasting 
future rate bases, state commissions in recent decisions have generally 
admitted giving consideration to apparent pnee trends when cost of 

Re ParOand She Pr Co (Ore ), P U B,, 10800, 357 
295U S 662(1085) 

» Re Conomnffo Pr Co (Md ), 10 P U R. (N 8 ), 358 (1986) 

Depi of P\A Serv o Chaye Harbor Ry i U Co (Wash ), 12 P 0 R, 
(N S), 173(1088) ^ oho Re Horth^ Siatee Pr Co (N Dak), 15 P V R 
(N 8), 126(1036) 

Weld V Chesapeake <fc Potomae Tdephone Co , 205 U S 662 (1085) 

» Re Wtseonein Telephone Co (BTs ), P U K , 1088B, 413 
V 8t Uute d: (yPaUm Ry Co v V 8 , 270 U 8 461 (1033), CUtrh*$ Perry 
Bridge Co v Pub Sere Cbmm ef Pa , 291 V 8 2R27(1083), Angeles db 
SUc. Carp v R R Comm of CtU^ortna, 280 U S 237 (1088) 
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reproduction ih determined “ Possibly some of the commissions were 
rendenng “hp service'^ to the Supreme Court's wishes In any 
event, it should be enough to ask a state commission to synthesize 
unrelated \aIuatioaH into a fair value Unless they are seers of 
economic affairs, prediction of future reproduction costs is but an- 
other conjectural segment of a fanciful valuation procedure 

Some average of pnces must be used in eakulatmg reproduction 
coats if sudden fluctuations of prices are to be oimtted In several 
decisions an average of several years' prices has been employed to 
obtain such casts To illustrate further nonimiformity of valuation 
procedure, in 1934 one commission believid a fi\t‘-year average of 
prices ( orreet,^*^ whereas another would not admit use of a five-yt ar 
average dunng a depression Other commissions have chosen sjsit 
pnt es to calculate reproduction costs, notwithstanding Supreme Oiurt 
opinion 


II 

A recent divelopmont m the valuation conflict is use of index 
numbers of (onstnution costs and prices Some commissions have 
examined these indices to determine the trend of a legal 

requisite of valuation which has previously been noted The use of 

” Portland Elec Pr Co (Ore), PUR, 1930D, 367, Vtneenwa v 
K«neenn«9 WtUer Hupply Co (Ind ), P IT R 1932A, 16, Pub Serv Comm of 
Mt$wuri Mufoun UitliHei Co PUR, 1932b, 449, Kf t>outhern Bell Teli^ 
phone A Telegraph Co (S Car), PUR, 1933B, I8t, Afonteno Pub Srrw 
Comm V BtUtnge Oae Co, P U R, 1933D, 337, He Pacific Gae A Eke Co 
(Cal ), 1 P U It (N S ), 1 0933), He Ohio BeU Telephone Co (Ohio), 2 P U R 
(N 8), 113 (1934) t lUtnoti Commerce Comm v Pub Serv Co of Nor /fl , 
4P U R (N S), 10934), Re Michigan BeU Telephone Co (Muh) 10 P V R 
(N 8), 149(1936) 

“ Board of Pub UiH CommuteumerB v Elicabeihtown Water Co (U S 
Cir Ct ), P V R , 1930b, 373, Elko^lMmotUe Pr Co v Pub Hero Comm of 
Neoada, PUR, 1933B, 191 

•• tUinme Commerce Comm p Pub Serv Co of Nor /U , 4 P U R (N 8 ), 
1 (1934) 

» Re Home Qae dt SUc ( o (Colo ), 6 P U R (N 8 ), 107(1934) 

« RtAka^andnaWaUrCo (Va,), P U R, 1932C, 342, Pub Serv Comm of 
AfiMOurt p MiBBoun UtHtUeB Co , P U R~, 1932b, 440, Re hone Star Cat Co 
(Okie), PUR, 168SC, 1, Re Carolina Pr A Co (S Car ), 2 P U K 
(K 8 ), 269 (1934), Dept of Pub Serv v (frays Harbor Ry A lA Co (Wash ), 
12 P U R (N 8). 1780936), P«6 Serv Comm of Mtssourt » St Joseph 
Ry U Heat A Pr Co, UP V n (N 8), 118(1936) 

» 8ee n 23 
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index numbeni or price aenee^ which will be treated here, concerns 
measurement of cost of reproduction or even f^r value In eudeavor- 
uifi to make a practicable exit from this befuddling and ineffective 
segment of regulation procedure, the Maryland and Ohio commis- 
sions m particular have ventured the use of pnce indices in Uou of 
costly appraisals to determine fair value In a New Yoric Public 
Service C<»nmission opinion Dr John Bauer’s conversion of an earlier 
inventory of fixed assets of the New York Edison Company mto 
a present fair value by means of the wholesale pnoe index of the 
Bureau of Iiabor Statistics, exoludmg farm and food pnees, was dis- 
missed as ^^pure assumption ” 

Because the Ohio Commission’s use of this method has not been 
contested m the courts and because the procedure was not the sole 
expressed means of measuring fair value attention wdl be devoted 
to the Maryland Commission’s opimons,^ one of which has been 
rejected by the Supreme Court In the Chesapeake and Potomac 
Telephone Company case** the Maryland Commission assembled 
sixteen cost and pnce indices varying from the all-ccanmodities pnoe 
index of the Bureau of Labor Statistics to two special-piurpoee m- 
dices pertaming especially to telephone property After vieighting 
these indices **upon a principle not disclosed/’ as the Supreme Court 
said, a trend fair value” was determined, with an ei^d^t-year-old 
commission appraisal and distnct court opuuon of fair value plus 
net additions eervmg as the valuation base The range of present 
values obtained from multiphcationof the 1923 valuatkm by these six- 
teen not closely related in^oea was from $24,983,000 to $36,056|000, 
not a notable difference if one recalls the disparity between company 
and commission appraisals of fair value or reproduction costs in 
oth^ valuation eases 

The Bupreme Court rejected this new valuation method for the 
following five reasons, taken in the <Wder of the Court's presentation 
of them (1) ”An obvious objection is that the bdtoes were 


Toepayefs Awjc, p Hpip Korit Y ), 

PUR., 1932E, 

^iUOkioBsU Ce, (Ohio), 2 P U R. (N S), U8<ie$4) Bt 

BlutsfIstA T^pphoneCo (W U R, 19280, 202, sad ITIMfAe v imtetd 

ChpCo ofW Vs (W Ys>,8P B R.(N S).4naW4L 

^ H$ Chmaimk9 S Potomoe fdvphtm Co (Md ), 1 E 0. R^ <K R), 31$ 
(ie3»),R«Poe<w»icffd^jaMM<tX R,l283R,e, lU CtmeupHye Pr. Cd, 
(Md >, lOR U R fK 3h35a(lfi$d) ^ 

* Wept p Ctiaapeake i PiftomaeTetpp/me Co , 205 V 8 602<1935) 
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intended merely to indioate pnee trendn ” (2) *'Wide variation of 
results of the employment of different indices impugns their 
accuracy as implements of appraisal (3) Sensible of this dis- 
crepancy, the Commission attempted a rule-of-thumb corrective 
and thus rendered its process of valuation even more dubious and 
obscure " (4) Substitution *^for such factors as historical cost and 
cost of reproduction [of] a ^translator' of dollar value serves 
only to confuse the problem " (5) “A more fundamental de- 
fect m the Comimssicm’s method is that the result is affected by 
sudden shifts in price level/' a conclusion of the Supreme Court 
considered previously m this paper 

The dissenters in this case, Justices Stone, Brandeis, and Cardozo, 
presented a detailed argument that, because the lower court and 
commission findings were rejected, and because the company, which 
had also presented a pnee index, had not offered evidence of con- 
fiscation, the Commission's order ought not be held confiscatory *• 
Mr Justice Stone adds, further, **Aa examination of the prc«<‘at 
record will disclose that the results obtained by application of pnee 
indices to the histoncal cost of plant are far less vanable than en- 
gineer's valuations and in general are probably more trustworthy 
Present fair value at best is but an estimate " 

Perhaps the Maryland Commission was attempting to do more 
with these pnee indices than measure the change m the cost of re- 
production This Commission concluded that, if a return were per- 
mitted on a rate base of property purchased at high prices, '"its 
owners would actually profit by the world-wide depression which has 
brought distress to rate-payers ” “ It was further concluded 
that “fair value of a property should be subject to the gen- 
eral changes m the value of the dollar " All this Indicates that 
the Commission was usfing index numbers, not to measure cost of re- 
production or fair value^ but to determine the purchasing power of 
return on the rate base ^ a questionable, and certamly le^ly un- 
supportable, viduation procedure If this was the desired goal, it 

** The eompaay end oonuniieioii realised that the oustomaiy valuation 
pfooedafv would require not Ism thao two yean and would cost the company 
abas at least 1300^100 Consequently, the company and oommlssl<m agreed 
Id Uid ftidei nunthen tn asoartahuneni ii '^present day costs." H$ Chseopedbe A 

PeaenaereIsjpaeneCe (MdhX 1 P (N a),d46<19») 

** CAesopeafte A Petomae TefepAcfie Co (Md ), 1 P XJ R (N S ), 84fi* 



278 C Em-ery Troxel 

could hav( bun mon readily achieved, and with more expectation 
of court approval, by panug down tht rate of return 

Although the Supreme C ourt waa doubtless cornet in its rejec- 
tion of a valuation based on price indices which wirt not sfKCifically 
apphcflbh to the telephone company’s property, a pnee index may 
b< construeted or pi ice senes asvsembled by means of whuh repro- 
duction tosts may bo fletcrmincd without resorting to costly, time- 
consuming ongineenng appraisals First, a detailed inventory of the 
property should be obtaiiud Then after, with a record of projxrty 
additions and abandonments, prices may be applied to tht mvt utory 
to obtain tost of n production F'ach pnee senes probably should 
be weighted in accordant o wit h the proportion of cost of the projH rty 
to which it applies to total property cost Difficulty s and probable 
trrors would appear in obtaining (1) satisfactory price data for all 
types of assets, particularly for aged property, (2) accurate wagt 
rates for each locality or region, and (}) proper allowance for change s 
in tet hnological means of construction 

There would be further vitiation of effective regulation and clo- 
surt of one {xissibk exit to act deration of the rate-fixing process if 
tlu Supreme Court has demed, or should m future tases deny, use 
of index numbers m mcasunng rt production costs no matter what 
tare might b< given their study and construction Even though the 
Court has not (onsidtred a tase m which price senes havt been 
prop! rly eonstnieted and used, this excerpt mdicatf s the powibility of 
a favorable future opinion ** ‘*it is plain that such a ust of relation 
of values fthe tompany’s pnee indices] of specific articles as of two 
given dates is quite distinct from the application of general t ommod- 
ity indices to a tonglomeraie of assets constituting a utility plant ” 
But price indices could not be the factual basis for final judgment 
on reproduction costs if sudden fluctuations of pnees must be dis- 
regarded, though such use of prices would eliminate the need for 
engine enng appraisals Final legal judgment of this justifiable eco- 

“ Dept ef PtxMtc Worki of Waahtngltm v WettCotiH Telephone Co , P U R , 
!fi38A, 487, Re Vonkere ft Co (N Y ), P U R , IWSB, 61, Kankakee 
Water Co v (hlbert(V 8 Diet Ct — lU) P U R , 1933B, 146, San Rraneteco v 
Oreai Weetem Pr Co (Cal ), P U R , 1933C, 487, Re Vtiltiy Rates during 
Beonomte Bmer^ncy (Pa ), 3 P U R (N S ), 123 (1934), Re Ohto Bell Telephone 
Co (Ohio), 2 P U R (N 8) 118(1934), lUxnote Commerce Comm v Pvb 
Sent Co efNor /U,4P V R (N 8 ), 1 0384), SluttgaH p Arkaneae Pr U 
Co (Ark.), 5 P C R (N 8 ), 161 (1934) 

*• Went V Cheeapeake ft Potomac Telephone Co , 296 V 8. 662 (1935) 
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notmc priKedure awaits further ( oimuleration of the problem by th( 
Supreme Court 


III 

Since the illusory publu -utility valuation concept, going 
value, has Ixen so much doubted or rejected by t ommissioriH and 
the Supn lut Court that it may not long tontmuf to confound 
reguIatoiK E\cr since utilities lost tluir pica for an nllowaiue m 
th( rate base fot good will, the kindnd concept going value, has 
been picbcntcd by companies as an cssentml i>art of tin rate base 
Observers of this confusion of property value under regulation with 
property value of unregulated enterprises have deprecated going- 
value allowances,*^ although some students, notwithstanding Supreme 
Court opinions to the contrary,*'* have supjiortcd capitalization of 
development costs during the infancy of a business, provided these 
co>?ts have not yet been paid by tonsumers *® 

Until recently state commissions have not troubled themselves 
with failure of the Supreme Court to rtconcik the McCarelle east 
with the Galveston and Des Moines decisions,** in the Galveston 
and Dcjs Moines eases omission of going-value allow antes was not 
held to be confiscatory Instead, many of them irnpluitly adhemd 
to the pnieedure believed to be most nearly m accord with Supreme 
Court opinion, “the duty of finding the going concern value “ 
Consequently, between 1929 and 1914 commissions commonly deter- 
mined the allowance for going value m a conjectural or an unex- 
plained manner Or, os the Connecticut Public Utilitu s Commission 

” Two articles of one observer may be cited Lewis, B W , ' Going Value 
Comments on Its Nature and Legal Status American Beonomte HetneWf 
17 (1927) 6fi7, tdevif “Why ‘Going Value' Should be Discarded m Kate Mak 
ing " Puhhc UHltties FortntgkUyf 8 (1931) 588 

** Oalaesion Slec Co p GeUwstoUj 258 U S 388(1921), ct iteq 
** Sumner, Jobn, “Going Value Its Validity and logical Application,' 
Journal of Land and PuHxo UHltiy Seonomxoi 4 (1928) 113 
« McCardls p Indianapolxt Water Co , 272 U 8 400 (1926) 

^ GalPpHon Biec Co v Ooisssfon, 258 U S 388(1921), Ih» Moinex Qas Co 
p Des ATotnes, 238 tl S 153 (1914) 

Pub Sent Comm qf Mteeouri P Bast Mtstourx Pr Co P U H , 1933F, 388 
*> He MtliPaukee Bloo By A Li Co (Wis ). P U R , 1030C 426, He Okla 
hotna j^atural 0<u Corp (Okla ), P U R , 19313, 470, Denver l/nton SlocA 
YardCo v U S {V B Dist Ct),P U R. 19320,225, Re Aiesrandna Ifa/cr Co 
(Va ), P U R 1^20, 342, SeranUm^bpring Brook Water Serv Co v Ptd> betv 
Comm of Pa t P U R, 1932C, 471, Pub Sorv Comm of Mteeourt v Missoun 
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statedi ''going concern value must necessarily be speculative 
and arbitrary, yet in view of the court decisions a moderate amount 
will be allowed '' ^ 

Between 1929 and 1934, however, a few oommissions rejected 
company requests for going-value allowances, although in earlier 
cases some of these commissions had granted rate-base sums for 
going value The Montana Public Service Commission did not make 
such an allowance bo<ause the property had been valued on repro- 
duction costs, ^ m Oklahoma the company's estimate of going-con- 
eem value was labeled "purely fictional",^ and the California 
Railroad Commission did not believe going value to be consonant 
with the use of historical cost as the rate base There were other 
reasons for denying such allowances, principally the payment of the 
costs mcident to going value by customers or ample allowance for 
this intangible among overhead expenses 

In none of the recent cases has the Supreme Court flatly pro- 
nounced going value an unjustified part of a rate base, but it has 
questioned this long common valuation allowance more cntically 
than previously it was wont to do In fact, for various reasons it 
has rejected requests for going value in three significant depression- 
time rate cases Perhaps this less phlegmatic attitude toward going 
value foretells a gradual about-face on this valuation element 

In the Los Angeles Gas and Etectne Corporation opinion of 1933 
the Court in one sense supported the California ComnuBslon's re- 
fusal to allow a request for a 19,000,000 gomg-ooncem value, because 
it believed the generosity of the Commission on other valuation items 
gave the company something that might be ccdled gomg value 

C«, P V R, 1982B, 449, Re FoUmac Bd^en Co (Md ), P. XJ R 4 
I93dB,6, iU Homo Chu ilt moe, Co (Co]o),5P U R, {N 8 ), 107(1984) 

^ Rab 6 «tt V Norihom ConneoheiU Fr Co (Conn ), P U R , 1988D, 1 19 
« Re Boufdtnn UmUitoa Co (Mont.), PUR, 1981B, 80 
Re hoM Star Oa$ Co (Okla ), P U a, 19380, 1 
Re Paetjfc Oao A Bke Co (Cal ), 1 P U R (K 6 ), 1(1988) 

Blko > mkihlmoae Fr Co (Nov ), P U a, miC, 14, Re Hiagoto 
Rudion Fr Corp (N Y ), P V a, 19820, 486, CidnSorma Fom Bureau Red 0 
StmJoaqmnU dtPr Co (CalO»P V R, 19880,810, Re Ceaa-at Radeea Oo* dr 
m«e Cdrp (N Y), P U E, 1982E, 497, MonUmaPvh Sm Comm. 0 BiBmoo 
Oat Ce, P V a, 19880, 887, R$ Oheo TOepfum Co (Ohio), 2 P 0 R 
(N a), 118(1984) 

** Voo An^etee Oat A Bioo Cdi^ t R R Comm of 289 V R 

287 (1983) Ihia of vahtet, which may be t#xaed the Court's going* 

value attowanoe, amounted to afpproidmately $6,500,000 
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The Court further observed that examination of the evidence 
offered by the company upon thw subjett showy it to be of a highly 
speculative and uncertain character 

A year later in two caffes, both of whuh onginatod m Ohio, the 
Supreme Court appears to have doubted the propriety of allowanic^ 
for going value even more than it had done in the Los Angeles Gas 
and Eloctnc Corporation case After noting that “going \alue 
upon proof of it« existence may have « filace in the base uiKiri 
which rates arc to be computed,*^ the ('ourt m the Dayton Power 
and Light Company case rejected going-value c vide nee and requests 
in these terras “Going value is not something to be read into 
every balance sheet as a perfunctory addition Wc cannot in 

fairness say that after valuing the assets upon thr^ basis of a plant 
in successful operation, there was left an element of going value to 
lie added to the total ” 

Similarly, after the Ohio Public Utilities Commission had con- 
eluded that the “burden of building up patronage may lit negligible 
where there is little competition “ and that going-value estimates 
were “so vague as to be little more than guesses/’ ^ the Supreme 
Court m the Cxilumbus Gas and Fuel Company case thus limits the 
going-value allowance “ 

The reeuitl justifies a holding that ft was reflected particulsriy in the 
appraisal of the pbyiucal asseto as part of an astiembled whole 

The going value of the Ohio FuM Qaa Company was planed ho high 
($12f000,000) aa to be oxceanive almoat on its face, and the impression of oxag 
geration ia confirmed when the appraisal as a whtde is resolved into its ele- 
ments 

Never before has tlie Supreme Court been so entual of going 
value Whether its rejections or trenchant comments on going value 
point toward either future omission or reduction of going-coneern 
allowances m a legally acceptable rate base cannot l>e positively 

** Tbo four ^‘conjeotural’* mothoda for going value measurement and tlie 
resulting auma presented by eompany witnoesei were (1) one year of gross 
inoome, $15,801 208, (2) 15 per cent of reproduction cost less d^reciation, 
$l0,d$8,000, (8) $25 per ouetomer meter, $8, ^,700, and (4) the difference be- 
twe^ 8 per cent return on ooostmotion cost and estimated net earaUigs for 
the eecond to seventh years inclusive of the company’s life, $8,721,878 
** Oopfon Pr i JU Co v Pub (fdi CoPivt of Ohiot 292 tJ S 290 (1954) 

« lU Cefumhue <h9 Pud Co {mo), PUR., t033A, 337 
^ Cdumbas Oat <$ Fuel Co, v Pub Uttl Comm of Ohto, 292 U 3. 398 

(1984) 



2S2 


r hrnery 7'roxel 


aiwtrfd until it Ruts addifumU opinions State t omniissions, 
m^amvhll<, by Mrtiu of thfst de<isioris, have gfiioralJy been refus- 
ing to permit going-value allouaiuts ^ 

IV 

1 h< re has been no alteration of Suprenn ( ourt vn us (ontt nung 
fair value duiing tluwc dejmsmon yiarn fvtn though in hybnd-fair- 
value estimates (ost of n production has frequently fallen Ixlow 
prudent in\estm<nt Although the fact may not influence court 
opinion, catastrcjphu price changes dunng tlie last six years should 
have awakened jurists, the regulated, and the regulators frenn apa- 
thetic thinking that re jiroduc tion costs will never dee line or will 
forever increase J his myth eif increasing pnoos was apparently 
firmly nitre ne heel in legil reasoning on utility valuation during tiie 
high-prue period of the World War era ami the succeeding puce 
conditions of the ’twenties hurtlie riiiore it is an anomaly that 
plant reprodiu tioii, [lartie ularly re prodiu tiem of an identical plant, 
IS assumed to exist, and prices thus averaged or forecast, whereas 
no one offeis evuiemee of the aetual date or dates of preiperty re*- 
plaeement Of what use, then feire , is a reproduetum appraisal of 
a plant in 1932 if the eontents of the plant will be replaced at un- 
predictable tunes and at unpredietible prices? Unless permanent 
hvpermflatiem of prices maybe fore sen n it sec ms infinitely better 
that any modest excess of plant-replace ment cost over historical cost 
be me t with further borrowing or a more than ample rate of return 

Not only have dissenting valuation opinions of the Supreme Court 
been disre garde <i in e^eonomic enviremment suitable to leeantation, 
but also the majority of tins C ourt have adeltd further ambigmties 
t^) the process In addition to the opinion that pnee trends I)e con- 
sidered m fixation of a regulated company’s rate base , a requirement 
that supposes sufierhuman ability to forecast prices and which has 

“ Mrtnphiti V Southern Bell Telepfuftie Co (Tpnn ), 6 P U R (N 8 ), 464 
(1&34), He Ymker$H H (N > X9P U R (N S ), 337(1035), ReVphlate 
TehphmwVwp P (N V ) 13 P U R (N S ) 134(1936), Depi of Pub 
6ierv of WmhtngioT^ v PacijEc Pr Ij Co ^ P U R (N S ), 187(1936), 
Herr o Lancaster Suburban Water Co (Pa) 14 P U R (N S) 369 (1936), 
Cheltenham <fc Abington Srtocrage Co v Pub Htrv Comm (Pa Sup Ct ), 15 
P i; R (N S), 99(193ti), Blythemllcv BlpthcmUe Water Co (Ark), 15P U R 
(N S), 177(1936), Southern BeU Telephone Co (Okla), 16 P U R (N 8 ), 
1 (1936) 
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bcAVtldertd t ommibHums m thur selettioii of pruts to mtiisuio n- 
produttion tost'*, tho majority of t\w Court a^v ailed a dtdino m 
tonstruction rests to ordir omisbion of suddtn flutUiatioiis of prut^ 
m dt termination of fair \ diu I his nctntly annouiuul requisitt 
IS attuiud to otlur valuation dicta in that no attmipt Avas made 
to define or to limit tlic meaning of sudden fliutuations of prices 

1 lu sn ill paee of jaibhc-utility regulatory procedure s, m>t to me n- 
tion fnepunt eourt appeals and retrials, luus limited eiTe c tiveness of 
utility rate^ and serv ue e onlrols A e ommibsion which has thoroughly 
investigated a puijlie -utility system and faeeel a reusonalile amount 
of eourt inquiry is fortunate te> be done wilh a rate ease ui one or 
two >ears C oinmission-t nfoued rate rediu turns, therefeire, were too 
mue h to exi>ect eomnumly during this depression when commisMiuii 
staffs and ippropnations had lue n re due e d Possibly e ffe e tise n< ss 
e)f regulatuin ineffee tiveness of regulation is partl> traeeable te> 
the legal valuation process — eould lu' enhanced if repreidiu tion cost 
appraisals could be replaced by pi ope r use of pnee senes and a eon- 
tinuous property inventory Certiuilv m the C hesajxake and Po- 
tonne ease the Court did not indieate a wilhngqess to approve this 
short (ut It is unfortunate' moreover, that the Supreme C ourt haw 
never considered etfective regulation one of the goals toward whuh 
their decisions should be directed Indeed, tho C ourt lias generally 
see'ined oblivious of this end Mr Justice Brandeis, however, ob- 
serves that “ regulation cannot be effective unless the legality 
of tlie rates pr(seribe.d may, if eontested, be detcrmiiud with rea- 
sonalde promptness I eaunot belitve that the Constitution, 

whuh confers upon Congress the fxiwcr of rate-regulation, denies 
to it power to adopt measures mdispenhable to its e^ffe^etive exere ise 

Only going-value allowance's have been questioned by the Su- 
preme Court during the last six years Further opimoiis dealing 
with this questionable valuation allowance may unmistakablj reject 
gomg value as part of fair value m view of the rebuffs given in recent 
cases Thus this recent dubiousness oii going value is some con- 
solation to pubhe-utihty regulators and consumers, who must accede 
to other exjualJy uncertain, but legally acceptable, valuation tech- 
nique 

Coiumissions will continue to grope for workable valuation rules, 
to guess the pnees to be used in measuring cost of reproduction, or 
" S( Joseph Stock Yards Co v L , 298 U S 38(1936) 
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to approximate the proportions to be allowed the diverse valuation 
elements jn the fair-value synthesis Ineffectiveness of regulation, 
meanwhile, wiU continue, appropriated funds for commission regula- 
tion will always be insufficient because of the costly valuation pro- 
cedure, customers cannot be assured justifiable rate reductions, and 
regulation chaos will encourage further support of governmental 
ownership of utility plants To repeat Mr Justice StoneN statement 
cortcenurig public-utility valuation, “courts have been projected into 
the most speculative undertakmg imposed upon tiiem in the entire 
history of English junsprudenct ” 

Watnb Uwi vbksitt 

DsTsoiT, MicniOArr 



SOME RESUPINATE POLYPORRS FROM THE 
REGION OF THE GREAT LAKES IX 

DOW V HA\T1 li 

P APl RS IV -VIII (1 -5) in this Hi rie h hIjow ( It jirly tlint rather large 
different (s in growth rates and other ttaturcs unong mytelia 
even of the naine spttKs of ttriaiii woothdt htroying fungi may exist 
The rate of growth of Pona ferrea on Ahius rubra from Oregon, for 
example, was 24 2 mm in two weeks when ns an isolate of tin saim 
8pt ties on 8ahx from Oregon grew only 16 8 mm m the same period 
TIowrver, m spitt of suth diffenmts it is held that wlun a laig< 
number of tultuns of many spcdcs an (oinpared broad bnoh of 
distiiu lion bf tween < t rtain species and groups of othi r s)Knt s lan bi 
obs(r\ed The growth eharac Uristies of these fungi in euHurt an, 
Uunfore, to be used to supplement th(u moi phologu al ftaiures 
Bt tween 1,200 and 1,500 rultuns are now transferred yearly m 
this study of the growth habits of the n supmati polypon s turtla r 
isolations from different substrata, from n<w spdus found, or fiorn 
plants whuh have already lieen desenbtd but whith an obtained 
from other regions, are Iwing added to this tolUction roust autly and 
constitute a part of a program of rtseanh whnh deals with the 
resupinate polypores of North America Descriptions of twthe 
ponas are presented in this paper' Among them are four now 
species and several forma which aix lan to Nortli America In 
addition, the charaetensties of ten resupinati fiolypons in culture 
an discussed The growth features of these polypons are presented 
m Table I (pp 288-^289) The fungi are groujx'd m the following 
categories * 

^ Throughout the work on those monographn I am Indebted to many insti 
tutiona and individuals for help My apprtHmtion i» exprensod to ProfeeaorB 
T Q Hallo and Gunnar Samuolaon, of the Naturhiatunska Hikf!imus<k*t In 
Stockholm, with whom 1 have had the pleasure of aeeociatlon Thanks air also 
due the auihontlea at the New \ork Botanical Garden 

* The terms used In this classification ore defined m Papers V, VI, and VIU 
(2, 3, 5) of the series 
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A RATE OF GROWTH 


Rapid growth 


Pona Bubacida on Teuga hotero* 
phylla from Wflebmgton 

Poria albtpellucida on Tfiuga hot 
erophyUa fn»m Waabington 

Pona nigra on QutriUK velutina 
from IlbnoiH 


Poria eupora on Quercus boreahs 
maxima from Michigan 

PoIyponiB albolutcuB on Picea 
glaura from Alaaka 

I omitip<jna drYf>phila iHolutt It 
on C arpinuH »p fnnn I ouini 
ana 


(Stow grtywih 


Trametea hetcromorpha on Pioea 
Bitohcnsui from Alaska 

homos EvorhaHii on Quemw 
borealis maxima from Mnhi 
gan 


Porta luteofibrata on Pmua ri 
gida serotma from Florida 

Pona crufftulina on Phi»a glauca 
tntm Alaska 


B RANGE Oh TJHMPETUTURF hOH GROWTH 

Large range 

Pona albipcUucida on Tsuga het^ FomitipoHa dryophila Isolate 11 

orophyiia from Washington on Carpinun sp from Ijouisi- 

ana 


Small range 


Poria eubai ida on Tsuga hett^ro 
phyila from Washington 

Polyponis alboluteun on Fuea 
giauca from Alaska 

Pona nigra on Quercua veluttna 
frrjm Illinois 

Poria orustuhna on Pioca glaui a 
from Alaska 


Tramet^ heteromorpha on Picea 
mtchensis from Alaska 

h omes Everhartti on Qucrcus bo- 
rraha maxima from Michigan 

Pona lute<>fibraia on Pinus n 
gida serotina from Florida 

Pona eupora on Quercus borealis 
maxima from Michigan 


C TFMPFRATURF FOR BF.8T GROWTH 

High temperature 

Femes Everhartii on Quercua bo- Pona nigra on Quercus velutlna 

reatis maxima from Michigan from Hlinois 

Fofautiperia dryophila Isolate II 
on CarpinUM sp from Loukl^ 
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A veragt tetnperaturf 


PoiyporuH ailK)lut«UH ot» Picpa 
eanadfinsiH from Aluaka 

Poria albipelturida on Taufta het<- 
crophylla from Wauhiugton 

Trametes hetoromorpha on Picea 
aitchennii from Alaska 


Porta mtK^ra on Qum ua borealia 
maxima from Michigan 

Pona luteofibrata on Pinint n- 
gida serotma from Blonda 

Pona i ruatulma on Picea cana 
dotiKiH from Alaska 


Pona aubacuia on 1 »uga hetero- 
phylla from Washington 


D EPFU r 01- JlCiHT 


Betti grawih »n dark 


Poi iH aibipclluctda on Tsuga hctr 
erophylla from Washington 

homes Everhartu on Quercus iat- 
roaha maxima from Michigan 


Pona euiHiru on Qu< 1 1 uk bnroalis 
maxima from Michigan 

homitipona dryophila Isolate* U 
on Carptnufi sp from 
ana 


Equal ffrowth tn Itghl and dark 


1 ramet«tf hetcromorpha on Picca 
aitchenme from Alaska 

Pona subaetda on Tsuga hetero- 
phylla from Washin^n 


Pona lutcofibtata on Ptnus ri 
gida Bcrottna from I* lorida 

Polyporua alboluteus on Picca 
giauoa from Alaska 


Pona nigra on Quen us velutina 
from iilmois 


Pona luteofibrata, sp nov 

(Plates l-IIl) 

Type npeeimen 

Pana hdeofibralat sp nov , on /Hntu rtgtda serottna, Olustcc Experimental honest 
Olustce, FloHda 

Iructifioatio annua^ effusa usque ad 1 metrum vel minus, < x substrato 
inseparabiliSj ad 7 mm crassa, conspicue rhi»omorpha infra 
corticem vel m nubstrati hgno, stenhs, interdum aetate fertilw, 
albua vel albido-fulvus, subiculum pleniraque minus quam 0 5 
mm , margino toncolor, tubi 0 5 ad 6 mm plerumqtie 5 6 mra 
longir baud atratosi, aperturae valde lutoae, demum palhde 
aurantiaco-luteae, vel palhde ochraceae, angulosae, fimbnataet 
0 5^3 plerumque 0 6*1 mm diam ^ basidia 2- vol 4-tipora» 
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Hporae uniguttulatae, late elliptieao vel oblongo-elhpticae, 4-6 6 
(5 5-6 5 x 3 4)2-4 fi, hyphae hyahnae, flexuosae, distanter 
weptatac, 1-4 M latae, connectiones ronstnrtae praesenfces sod non 
frequentcs Specimen typicum in Herb Dow V Baxter con- 
Korvatum Legit prope Olustee, Florida, l?eb, 1935, Dow V 
Baxter n ZZ-23165 

r rurtification annual, effused for 1 meter or less, inseparable, up to 
7 mm thick conspicuously rhizomorphic — at least underneath 
the bark or on the wood of the substratum, margin subuulose, 
tomentose, stenle, sometimes becoming fertile with age, whitt 
to “warm buff“, subiculum mostly less than 0 5 mm thuk, 
f OIK olorous with margin , tubes 0 5-6 mm , mostly 6-6 mm long, 
not stratified, mouths “deep chrome “ drying to “pale orange- 
ye)low“ to “clay color," angular, fringed, 0 6 3, mostly 1-2 to a 
mm , basidia 2-4-ftpored, sporis uniguttulate, broadly elhjisoid 
or oblong-ollipsoidal, 4 6 5(5 6-6 5 X 3 4)2-4 jit, hyphae hya- 
line, flexuous, occasionally et ptate, 1-4 jw wide, clamp connections 
present but not frequent 

AUied spectett - This plant m a fresh, growing state w easily dis- 
tinguished because it is bright yellow, possesses large tubes, and 
IS somewhat rhizomorphic The color and habit of growth of 
Porta aWoluteacens, also found on coniferous wood (mostly of 
western and north-central distribution), show some resemblance 
to those of this new species P alholtUescenB is more folty m 
texture than w the plant described here The newly discovered 
species from Florida is related also to a plant called Pol flavovirtns 
in Romell's herbarium at the Riksmus^et in Stockholm, but they 
may be readily distinguished by the fact that the tube length w 
much greater in the Amencan species In dried collectioiia the 
southern plant fades so as to suggest the cx}lor of P iubactda 
The large tubes, together with the ensp nature of herbarium 
specimens of P ItUeofibraiaf ore a further similarity to P »uhactda 
The yellow rhiaomorphs found underneath the bark or on the 
wood infected with the southern pona are distinctive 

Cultures — Isolated from Ptnue ngida seroftna, Olustee, Florida 
The chief features of this yellow fungus in culture are presented 
m Table I P luteofibrata can be readily distinguished by its 
soft, light, and fluffy growth of cottony mycelium This extends 
out from wood blocks (white pine and red gUm, also) 2 5 to 3 cm , 
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and in nint -nioiith-old (ultunb bctomts ara<hnoul and reachis 
in long, thin Htraiids and fibrouh shrtts from one block to an- 
other ThiM comfcrouH funguK grows e<jtmlly well on white pine 
and red gum blocks, Mith no jKire formation No other resupi- 
nate thus far cultured exhibits this e harae ter P flondana forms 
a dense thie k mat of myet hum on woixl bJotks but this sjx i « s js 
not yellow and the mat is not so fluffy as the down of the ( ormo- 
rant P luteofibrata exhibits rhizomorplur tendennes of growth 
m culture, a charactonstu which is not present m P flondana 
Habitat — Ptnuft ngtda nerolttM 
DiHtnbutton — Honda 

Poria albipellucida, sp no\ 

(Plate IV) 

lype and important specimen 

Porta aUnpfUucuia, sp nov on Thuja pheata Vancouvir British Columbia 
Type Coll Dow V Baxter, Aug 23 1936 Herb Dow V Baxter 
Porta aUnpfUucuia «p nov , on T$uga heterophylla Olympic Hot Springs Olym 
pic National Forest, Washington t/oll Do« V Baxter Sept 12, 1DJ6 
Herb Dow V Baxter 

Fructifieatio annua, tenuis, alba vel pelluiida pnmum orbirulans 
0 5X05 cm niox cum ahis confluens et aream irregiilart ni 
cortieis 3 5 X 15 cm tec tans, margine 3 5 X 15 cm ex cortiee 
separante , demum omnino sejiarabilm , margo mveo-albus, 0 3 
mm latufl setate intordum fertiliH, subiculurn tonspiruum, minus 
quam 0 3 mm latum, demum comeum, pellucidum in cxernplts 
KiccatiH, tubi 0 5-2 mm longi, aperturae pJcrumque angulares, 
2-4, plenmique 3 4m uno mm, albae permanenter, etiam in 
spccmunibus exHicoatis, sed interdum siceitate ochraceo-einna- 
momeae, basidia 8-13 X 5 5-7 p, sporae hyahuae, remformes vel 
lyhndncae, 4 X l'-^2 paxilh hyphales imrustati, 11-22 X 4 pi, 
hyphae hyalmae, saepe mcruHtatae, raro s< ptatae, 2 3 pt m diam , 
anastomoBes adaunt Specunen typicum m Herb Dow V Baxter 
conservatum Legit projie Vancouver, Bntish Columbia, Aug , 
1936, Dow V Baxter n WW~23165a 
Fructification annual, thin, white or translucent, at firat occurnng lu 
more or leas orbicular patches 0 5 cm in diameter which enlarge 
and coale-sce so as to cover an irregular area of the bark as much 
as 3 5 X 15 cm m extent, separating at th( margins from the 
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substratum, entirt plant separable , margin snow-white at first 
less than 0 3 mm wide, then disapjoeanng or becoming fertile, 
Hubieulum (onspuuous, less than 0 3 rnrn wide, bHommg some- 
what horny and translucfnt m appearance in dried specimens, 
tubtfl 0 5-2 min in length, mouths mostly angular, 2 4, mostly 
3 4 to a mm , white and usually n mainmg so in iierbanum spe < i- 
rnens but sometimes upon drying or bruising turning “cinnamon- 
buff ^ basidia 8 13 X 5 5-7 sports hyaline, allantoid or 
tyhndnial, 4 X 1~2 hyphal jags entrusted, 11-22 X 4 jUj 
hyphae hyaline often t nerusted, rarely septate, 2-3 fx in diameter, 
clamp connections present 

Allied epeaes — This distinctive plant is readily reeognued by 
(a) its habit of growth (b) its thm nature, (e) the water-soaked 
appe^aranoe of the tubes when bruised, (d) the separation from 
the substratum at the margins uiion drying, (c) the fact that the 
dried plants are not soft but horny 

Many of the white ponas are soft in texture, and so are readily 
dissociated from the plant described hen The habit of growth 
alone should distinguish it from the other known resupmate poly- 
porc H C/ollections of this species have been called P expalescens 
Karst The latter plant, according to Romell (9), is a resupmate 
form of P dtchrmis Ft The tubes of P dichrous are waxy, less 
than 1 mm long, and se|)arable from the context Thtfec features, 
together with difftnmes m color, will readily distinguish the two 
jilants from each other 

CuUurea — Isolated from 1 avga heterophylla, Olympic Hot Springs, 
Olympic National Forest, Washington The abundance of sub- 
merged hyphae and the fact that the plant grows equally well in 
the light and the dark are the chu f characteristics of this fungus 
This coniferous fungus grows c»qually well on white pme and 
red gum blocks A thin sheet of arachnoid to very shghtly rhi- 
zomorphic mycelium is formed over the wewd in faniike growth 
In six-month-old cultures the mycelium is white to buff-colored, 
with no pore formation 
Hahtial — 1 huja pheata, Tsuga heterophylUi 
DtshibiUton — British Columbia, New Mexico, Washington 
Remarks — The encrustations at the ends of the hyphae are more 
numerous in specimens found in less humid environments than m 
those of coastal British Columbia and Washington 
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Pona sitchensis, sp no\ 

V VI, 1 IK 2 \I1 liK 1) 
lyi>o aiul inipoitant HprcimonH 

Porta ntchenmn Hp uov , on Pina ntchenHin Sitkn Alaoka Tvpp (oil Dow 
V HuxUr, l^pt 1, 1931 Ilprb Dow \ Hiixti r 
Iona sttchtnstn, sp nov on t luga kdcrophylla, Sitka Ala-^ka Coll Dow V 
Baxter, St pt I, 191*$ Herb Dow V Baxttr 
Pona 8ttchcn»u hp nov , on Ptcea sttchcntn$ rpnakn Alawkn (oil Dow V 
Haxtor Auk 39, 1933 Herb Dtm V Baxltr 
Pona sttrhenftm np nov on Ptcta sttchtnsis Hoqua California Coil Dow 
\ Baxter Juno 1033 Herb Dow V BaxUr 

V riK tificatio port runs, lal o effnsa aliquando ad J mot nun raro H mm , 
plorumquo 2 3 mm rrassa, strata votustiora ( r< tart a, mnrgims 
pnmo tomontoHi, mt)x ftrtdis tl m excmphs \otcnbus sati>< 
asi>ootu rtstnosi, i>rimo alhidi vfl palhdc rnhdiilo orhmtt i, dt mum 
parto ( xt( nort argillawo-oehratoi \(1 brunrui \(1 fusti tiibi 
05 3 mm plerumqut 2 mm longi, saojx dis]x)stti m 2 \tl 3 
stratis vel raro 7-stratosi aporturaf albat \(1 pdlidt rufo- 
oclirartat nuntate of hracoo-ouimimomc at , 4 5 pit nimqut 4 m 
uno mm, sulM)rbioidares, satptis crassis hasidia 0 11 X 1 2 
ju, Hporae (ylindiicac \ol allantoidtat hyalmat , 3 5 4 5(4 X 1 
1 5)1-2 ju, oyKtidia mdia, paxilli hyphalts sat pc* subc>lintlrKi 
prominontes 15 18 ju in lumt n tuborurn, Iryphao byalmao 2-3 p 
diam , mun tenutH anastomoscH mdlat Siiorimon tyinourn in 
Herb Dow V Bax tor oonser\ atom D git projx* Sitka, Vlaska, 
Sfpt , 1933, Dow V Baxter u W 23155a 
Frut tifioatiou jTorenmal, broadly ofTuHfd homctimts for a tlistanrt 
of 0 6 of a meter, up to 8 mm , mostly 2 3 mm tint k, oltl layers 
h( coming chalky, margins at first torntntose soon Ixtoming 
fertile and in oltl hjx cimcns oftf n turning n sinous in appt aranc t , 
at first whitish or “pale pinkish buff,” the border portions latir 
becoming “clay color” to “Rood’s brown” to blackish, tuboh 
0 5-3 mm , mostly 2 mm long, often stratified in 2 or 3 and 
up to 7 layers, mouths white to “pinkish buff ” sometimes dry- 
ing to “t innamon-buff,” 4-5, mostly 4 to a mm, subround 
dissepiments tluck, basidia 9-11 X 1-2 jU, spores cylindrical or 
allantoid, hyaline, 3 5-4 5(4 X 1-1 5)1 2 no cystidia, but 
suboyhndncal hyphal pegs often present and projecting as much 
as 16”18 p into the lumen of the tubes, hyphae hyaline, 2 3 ^ 
m diameter, thin-w ailed, no clamp connections 
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Allied sj>€cteH - Attempts w< rt mode to locate this polypore in 
vanous European herbaria, but it was soon apparent that Iht 
pona must lie new and North Amencati It is allied to P aWe- 
nucUa mbincamata Pk (P «u6tncarnato) P suhtneamoia is, 
howe\er, a thin plant The new species differs further from that 
plant in exhibiting a resinous border or showing shades of red 
in the marginal portions, and it does not display the cracking 
m charactenstic of P mbtneamata P monianaj also, is related 
to the plant described here The elongate-ellipsoid spores of P 
montana are 5-7x2 3 ju (Shope), whereas those of P eitchen-^ 
m art somewhat smaller, i e mostly 4 X 1-1 5 ju This difference 
18 a relatively small one, but, m addition, the margins of P 
montana do not exhibit the resinous features of the margms of 
the plant desciibed here, and the mouths are larger and in dried 
spec linens have a tendency to glisten P sttchenns has a smooth 
surface, and the mouths do not listen This last distinction, 
however, is not a significant one 
P mtehensta also suggests, macroscopically, a sraall-pored 
growth form of T eenalts The spores of the latter plant, bon- 
ever, are much larger, i c 7-9 X 2~5 m 
Culturen — Isolated from Ptcea attchensia, Sitka, Alaska The 
features of old cultures of this fungus suggest those of the margins 
in the fruiting body The fungus is white at first (like that of 
Trametes Hertalis) but later exhibits brown or red-brown areas 
A resinous-hke liquid is secreted from the mycelium*. This dries 
and gives to parts of the culture a resinous and brown color 
which suggests the features that characterise the borders of the 
fruiting body as found m nature The brpwn mycelium occurs 
in lumps and finally covers a large area of the culture This 
charactenstic may be used to separate the fungus from T senalta 
if difficulty IB cxpencQced in diHtmguishing between the two 
fmitmg bodies 

HcdfiUU — Pwea stkhemtSj Ptnm monticola^ P ponderomf Tanga 
heterophyUa 

Dtairibution — Alaska, Califorma, Idaho, New Mexico 
Decay — The badly decayed wood does not itself change color ap- 
preciably, but beneath the fruiting structure it often appears as 
a chalky mass, largely because of the abundance of white myce- 
lium This ** chalk c»n be rubbed (tom the decayed wood onto 
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the fingers as readily as that of the fnuting body of Fames lartcts 
The mycelium may also form small sheets in the badly decayed 
portions of the punky wood 

Polyporus alboluteus Ellih & Ev , Bull Torr Bot 

Club, 25 513 1898 

ftmes qBmIuUus FUih ft B v , Proe Acad Phila , 1895 413 

AurarUtporeUus aihotuieua {hAU» A. hv ) Murr , Bui! Torr Hot C luH, 32 4Kfl 1005 

Irpfz Waronomt Brew , Ann Myc , 18 42 1920 

Important npevimen 

Irpex Warofumnt Bres , sp nov Herb t»f Brosudula, Htockbolm 

Fnictification annual, spongy, soft, effused in a risupinatt condition 
for 1 meter or more or ext^mlmg in elongated pati hes m the < h« < ks 
of decorticated wood for almost the entire lingth of the log, but 
usually only about 60 tm long, occasionally narrowly reflexed, 
reflexed portion 0 5-3 5 tm wide, separable from the substrata 
m corky sheets surfate of reflexed portion pubestmt, azonate, 
whitish at first, soon xanthine orange/’ “apruot orange” to 
**hazel,” when dried sometimes turning \ery dark, i e “light seal 
brown,” or “bone brown” bleaching to whitish, tonttxt spongy, 
“zinc orange” or “xanthine orange,” 0 2--3 cm thick hyphae 
of the context both hyahne and brown, 4^8 p m diameter, oc- 
casionally branched, often collapsed in herbanmn material, walls 
1 M thick, spaces l^t'tween the hyphae often 9-26 p or more wide, 
tubes 1-3 cm long, concolorous with context or drying to “Hay’s 
russet” or “carob brown” and becoming brittle, mouths “xan- 
thine orange” to “Hay’s russet,” “carob brown” or becoming 
blackish in herbarium specimens or sometimes fading to “car- 
tndge buff,” 1“4 mm , usually 1 6 mm broad, angular, iaccratt, 
frequently splitting and becoming toothliki , basidia 2 6-3 X 4 5 
Pf spores elongate-clhpsoid, often apiculate, smooth, hyaline, 7-9 
X 2"3 ju, cystidia abundant, hyahne, cyhndric, 7-10 6 p m di- 
ameter, often collapsed, projecting as much as 40-60 p 

AUted species — Polyporus alboluteus and P JibnUosus, both of which 
occur rather frequently on spruce, particularly m the northwest, 
are closely allied The colors of the two plants are often similar 
The mouths of Polyporus alboluteus are very large, 1-4 mm 
broad, whereas those of P fibnllosus are 1-2 to a mm The tubes 
of the fonner plant are 1-3 cm long, but those of P fihnUosus are 
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only 2 5 mni in length Tlie context of Ixith nine km becomes 
bright orang( red or n d wh( n touclud with KOH solution 
Habitat — Alms grandis Pueacanadenvs^ P etigelmannit^ P sitchen- 
ms, Popular tnchocarjHi 

Dtstnbution Alaska, Arizona, Colorado, Idaho, Michigan, New 
York, Utah Washington, Wyoming 
Orrurrenre — Ihis fungus occurs on decorticated logs of wind- 
thrown timber in the montane anel siibalpine zones of the eentral 
Roeky Mountains In the Rookie s it is also found on old timbi rs 
in mints In the northern see lions of the ee)ast foro'itH the fungus 
eomrnonly grejws at leiwcr altitudes In the C hugaeh National 
Fore st in Alaska it is found abundantly on bitka spruct 
Remarks I canned see any sue h resemblame as that stated by 
BresaeJola, and re i orded by Bourdot and (lalzin, also, of the plant 
Irpex Woronttvni Bres , sp nov , m the Bresadola He rbarmm at 
Stockholm to a resupinate 7 rametes odorata f>r / enziies saeptaria 
Tilt spores eif tlie plant at Stoekholm are gi\en as “7-9 X 3 4 p “ 

P(^ia laxtcola (IVrs ) Bren, Atti Ace ad Rovorcto III, 

I SO 1897 

ImportHfii tipccimens 

Palyportu fiaematoden Re>*»tk in Sturm Doutwhl fl Pibe, 17 127 1838 
Polyporiis Uimmaiu^ Kamt Uomcll, nymen I upland, Arkiv fUr Hotanik, 
U 30 mil 

Potyporus ru/u9 (Sehrad ) Ir Syst Myc 1 i70 1821 (?) 

Meniltu$ Raveneht Beik GreviUta, 1 00 1872 (?) 

PolyporuA kaematodwi Jlo'ftk L Ilomell H< rb Brcsadolft, Stock he>Jm 
Porta iaxtcola (Pern ) Bres P >rrpnd, 1004 Herb Bresadola StoLkholm 
Porta laxicola (Pern ) Bres Abb^ Bourdot, ^raiue He rb Bresadola, Stoekholm 

I* riictifioatioii annual, somewhat merulioid and gedatinous when fresh, 
effust'd m patches usually up to about 16 cm long, on bark or 
decorticated wockI, separable when fresh, 1-15 mrn thiek, 
margin white to “cartridge buff” and remaining hght-colored 
in herbarium speeimens, pubeseent, averaging 1-2 mm wide, 
subieulum conspicuous, wlute to “cartridge buff/’ up to 1 mm , 
but mostly less than 0 5 mm thu k , tubes m one layer, often 
oblique, up to 1 mm , mostly Uss than 0 5 mm long, “vinaoeous- 
brown/’ “diamine brown,” to “bone brown” to “blackish 
brown ”, mouths roneoJorous with the tubes, circular, 3-4, mostly 
3 to a mm , rather thiek-walled , dissepiments remaining entire, 
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Hinooth basidn 4-hpon(i 10-14 X 3 4 spores (ylindncal, 
(urvul 4 X 1-15 p, hyphat of tht subuuhun hyaline, thuk- 
much braiuhed ami loostly interwovtn, septatf, 4 6 m 
in diainct(r, freipu ntly awolUn, hyphae of the hyrnemurn brown, 
3 4 M in diameter, encrusted 

Allied species —Burt (6) (alls attention to tlie fad that tie gtmm 
MeruliUH is tlosely connccUd on om side with nrtain spuits of 
the 1 helephorae f ae and on the other with Poria “ Diffif ulty,” 
he states, *‘rnay be experienced in deciding from xioor or scanty 
material whether a gi\(n collection belongs m MmiluiH or in 
Pona The development of the hyrm mum is howc\(i, funda- 
mentally diffi rent in thene two genera In M< ruliiis the hyim- 
nium IS at first plane, and in this young stagi sc c tioiis show basidn 
and spores, by further growth this plain surface is thiown into 
folds and lac onus ixirosc, but it n mains (ontnuious over this 
irregular surface and will show in sections hisidia on the edges 
of the folds as well as lining the pore s In Pona the formation of 
I>ons precedes the formation of the hyimmum, he nee scttions of 
a young Pona having distinct pore s may iuivf no basidia os yet 
With reference to Meruhm Haveneln included with the study 
of the le supinate polypores, Burt n marks In its pc c uliar c olor 
and margin, it stnkingly rc sembles Polyporus haemnlodus Rost 
{*= Polyporus incamaius Karst) as received from Hornell, and 
which I find in a very scanty sfuemu ii undei the name Mendtus 
strpens in llabenhorst, Herb Mye , 6, and Sydow, Myc , March, 
3S27, but all these EurotMan sjhc uncus arc truly porosc fiom the 
first, have thick diswpirmnts and owe then dark color to dark, 
inerusting granules upon the hyphae ” 

P rufa may piove to be a resupinate form of Pol dtthrous, as 
has already Iveen suggested (3) The waxy oonsmtem y of the two 
plants, the color of the mouths, i e flesh to reddish purple and 
the spores may be similar in the two fungi Pol du hroris is usually 
found on hardwoods, whereas P iaxtcola occurs on conifers 
llabiUU — Abtes balmmea^ Ckamaecypans thyoides^ Pxcm ghxuca, 
Finns aitenuola) P contoria^ P monttcoUi^ P ponderosa, P taedOy 
P restnosa Thuja oendentahs 

Dt9tnbtUion — Ontario, \laska, Idaho Iowa, Ijouisiana, Maine, 
Massachusetts, Michigan Minnesota, Montana, New Jersey, 
New York, Oregon, Pennsylvania, South Carolina 
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Occurrence —In America thiK plant is found most (oinmonly on 
Hpruco, although it is known on other woods In Europe the 
npecips IS apparently confined to pine or, at any rate, it is found 
largely on tht wood of tins genus 

Puna Johnstonii Murr , Mycologia, 12 303 1920 

(Plate Vlll) 

lype and important specimen 

I*orta John9tomt Murr on PtteuHoUuga macrocarpay Upper San Antonio Canyon 
han Antonio Mountains, Southern California Type Coll I M Tohnston 
i52, 1918 Herb New York Botanical Garden 

Poria John9iontt Murr on Alnea amdtnhst Sequoia National Park, California 
C oil Dow V Baxter, 1936 Herb Do^ V Baxter 

Frut tification effused for several centimeters, inseparable, up to 1 cm 
in thickness, becoming somewhat ossified m old plants, margin 
conspicuous, cottony, snow-white to “ivory yellow tubes 
0 5-^5 mm , usually 0 5-1 ram long, the longer tubes, i e those 
4-5 mm long, Vireaking up into teeth , subieulum thin , mouths 
1-3, mostly 2 to a mm , snow-white when fresh, *‘ivory yellow'* 
to “maiee yellow” m dned specimens, spores (chlamydospores?) 
cyhndncal, 7 X 3-4 jjl, capitate cystidia projecting as much as 
24 ju and the heads up to 15 X 15 p large, hyphae of the trama 
flexuous, occasionally septate and branched, 2 -4 p m diameter, 
no clamp connec tions 

Allied spertes — In addition to the mieroseopie features, the tottony 
margin of the plant, the presence cjottony mycebum m the 
badly decayed wood, and the somewhat ossified nature (espe- 
< tally when only small tulies are present) of the species when dry 
are characters to be used in separating it from 7'rametes eertalte 
Puna kntBf which may also exhibit cottony mycelium m the 
badly decayed wood, is generally a soft plant with pore» 3-4, 
mostly 4 to a mm 

Habitat — Abtee magnificat Pseudotenga macrocarpa 

Ihstrihuttm — California 

Remarka — Most examples of this very mteresting species from 
Cabfomia have short tubes (about 1 mm long), aa originally 
described, and the porea are not ipuiform The collection made 
in the 8ec{Uoia National Park wa« extensive enough to show, 
however, that the tubes may become 5 mm long and somewhat 
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ipiciform In thLs state the fungus might suggtwt a resupinafe 
form of a species of Polyporus 

Porta heteromorpha Murr , Mycologia, 12 92 1920 

(Plate I\) 

Type and important specimen 

Porta heteromorpha Murr froj and Tyre Cv<>rkpit Country lamaira W A 
Murnll and W Harris, 857 Herb New \ ork Botanu al Ciai den 

Porta heteromorpha Murr on trunk of iMlxU Palmeito^ I ake George, T lorida 
Coll l>ow V Baxter, 1934 Herb Dow V Baxter 

tructification annual or reviving and living through tin tntire year, 
whitish, soft to the touch, betoming somewhat corky in ag( , 
hght in weight, effused in irregular patches often 1 X 3 cm and 
usually not over 9 X 6 cm , up to about 6 mm thick, margin 
white, thin, arachnoid, up to 2 mm wide, at first sterile hut in- 
cormng fertile m age, subiculum white, less than 0 5 mm thick, 
inconspicuous, tubes up to 5 mm , mostly 2-3 mm long, mouths 
snow-white becoming ^Vream-buff’^ to “chamois^' in age, 1 i to 
a rnm , angular, basidia mostly 4 X 11 8l>ores with rough 
walls, broadly ovoid, uniguttulate, 3^ X 4-5 5 Pf capitate 
cystidia projecting almut 18 /a, with heads 4 15 X 4 9 ju, hyphae 
occasionally encrusted, smooth loose hyphae of the trama »!>• 
peanng in the fonn of loops 

Allted spertee — Murnll (7) states that this species reminds one of 
Lenztiea heUrotnorpha There is some suggestion of the latter m 
old, revived plants which appear irregular in form bee^ause they 
have grown over the rough surface of the old fruiting structure 
and have, furthermore, become corky in age I find, however, 
that the plant resembles Pona TnoUusca (of < ontemporary Swed- 
ish interpretation) much more closely The soft texture of young 
plants, the color when fresh, and the color m old specimens are 
certainly similar m the two species P moUuscat however, does 
not become strictly conaoeous in age Many examples of it are 
conspicuously rhisomoiphic, whereas P heteromorpha exhibits a 
cottony margin The tubes of TrameUs {Lemttee) heteromorpha 
are coarse and have larger mouths than those of P heteromorpha 

Habttai — Sahal PalmeUc 

Dtetnhuiion — Florida (Found also m Jamaica and Porto Rico ) 

Remarhe — It is unfortunate that the name heteromorpha has 
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been given to this plant, siiue sup< rfinally, (trtain old apeci- 
mtns of the poria l>ear some reHcmblame to F rametes keleroniorpha 
Purtht rmoro, T heteromorpha occurs in the rcsupinatf state so 
frequently that one might not only find the two narncH tonfumiig 
hut might at first bduve them aetually synonymous The rai- 
(roKCopic features^ hemever, show that P heterfmorpha and I 
heteromorpha are not even nlited 

Poria coniferarum, sp no\ 

(Plate VI l^ig 1) 

type and important hfMrimen 

porta eomfrrarum *»p nov on Ptnun monticola, Pneist River, Idaho Type 
Coll J K Weir, i^pt, 1914 Herb Mo U<#t Card 55998 
Porta tumiftrarunit sp nov , on Ptnm jw>r*/vct>ia, C oidm, Idaho ( oil J U 
Weir, Sept 1919 Herb Mycolog Lar^ Homell, SUnkholm 

Fruetiheatio effiisa, tenuis, diam plus nunusve 15 tm , fragilis, 
plerumqut minus e|uam 0 3 mni erawsii, margiru ti nui-araiu a, 
pallidt gnsea vd purpureo-gnsea \el palhde obvaieo-ochraeta, 
foramiTubus brevibus hiieusqut ad margmem tenrnnata, tubi 
vel reeti ea 0 5 I mm longi vel hi obliqui pJerumepie hue usque 
ad 5 5 mm longi, recentts hlaeimi vel palhele grisei vel iin- 
matun argillaceo-straminei wueitatt vel avellann vel argillae to- 
ne hratci, aperturae 1 2 in uno mm , basidia pic rurnque 9 X 4 
sfvorae subglobosae vel ( yhndncae , munbus lev iter asperuhs 
vel spinoHis, 5-7 X 4 //, tystidia nulla, hyphae hyalinae, ana- 
stomoses adsunt Specimen typieurn lu Herb Mo Bot Gard 
tonservatum Legit projK Priest River, Idaho, J R Wtir, Sept , 
1914 Herb Mo Bot Card 55998 
Fnutifie.ation effused in thin patches for 15 or more em , fragile, 
mostly less tlian 0 3 mm thick, margin thin, arachnoid, “f>alo 
gray,” “pallid purplish gray” to “pale ohve-buff,” becoming 
chambered with shallow ports, tul>es mostly 0 5-1 5 mm long, 
up to 5 5 mm long when arranged obliquely, lilat to gray or 
day-yellow when fresh, drying to “avellaneous” to “day color”, 
mouths 1-2 to a mm , basidia mostly 9X4/4, sjKjres subglobose 
or subeyhndneal, with slightly roughened or ethinulate walls, 
5-7 X 4 /4, no cystidia, hyphae collapsed, some times encrusted, 
2 5 5 /4 m diameter, damp connections present 
Allied apectes — Thts pona suggests sortie forms of Pona reitculaiaf 
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but jt can be readily separated from that sptdts by its sports 
Another allied plant is P bombynna h r {Pol htans Karst ) 
Diffieulty may be found in separating it unit ss one has record of 
its color when fresh pale purplish or hhw — and unless mature 
plants with fully developed tubes are available for study The 
long tubes of the new spoous should readily separate it from tliat 
poria In tht dned state the coleir of P umiferarum is similar to 
that of herbarium specimens of P myceliona Ihe latter spot us 
IS widely effused over the surface of the sub'^tiatuin and has a 
broad sterile fimbriate border 
Hahtial — Ptnus conloria, P morUicola 
Ihstrihution Alberta, Idaho 

Poria cryptacarUha Mont , Cent 7, p 17, 
m Sare, p 329 18SS 
(Plate VXI, Fig 2) 

Fructification annual or perennial, effused feir 1 meter or more on 
hark of old logs, generally separable, up to 3 mm thuk, but 
mostly less, and varymg with the inegularities of the substratum, 
margin up to 1 6 mm wide, at first tomentose, “day eolor” in 
young plants, '‘pallid mouse gray’* m old specimens, becoming 
fertile in age, subiculum tonspuuous, felty, soft and punky, 
“clay color”, tubes 2 mm long or less and often only 0 5 mm 
m length, rarely stratified, but sometimes recoding growth habit 
exhibited, mouths “chestnut-brown” or “wood blown, ’ eir- 
eular to angular, fringed, 4- 5 to a mm , sfiores globose or sub- 
globose, 3 X 3 jLt (not found attaehed), hyphae brown, 2~3 p ui 
diameter, not branched, no damp tonne etions, setae 13 37 X 
4-7 

Allied Bpecten — P cr^ptoran^Aa most nearly resembles tomeB nigro^ 
ItmiiaiuB because of its soft and punky cemtext But it is a thinner 
plant and differs also m its blown shades f mgwliimtulm is a 
western comfer-inhabitmg plant, whereas P cryptacanika has 
been found only on hardwoods m the southern pait of the United 
States and in South America Unfortunately, the spores of P 
crypUicantha are not definitely known, and the two speties cannot 
be contrasted with any degree of certainty in this ehariictcr No 
attached spores have been found m species studied, but sjxires in 
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the mounts made from this plant are 3 X 3 m Those of F mgro- 
ItmticUus are cylmdnc, 4^ X 1 5-2 fx 
The habit of growth and evt n tfie color of P cryptacanlha sug- 
gest F conchaluSj but F conchatue is much more woody than the 
plant described here 
Habttai — On hardwood logs 
Dtstributton — Florida (Also known from Brajsil ) 

FomUiporella floridana Murr , North 
Am Flora, 9 14 1907 

Type and important Kpecimens 

PomtitporeUa ftondoM Mvitr on d<cKluou» ikocmI, Monda Typo CoU W W 
Cidkimf, 850 Herb N \ Hot Gard 

FomiUporeUa fiortdana Murr on Qiurrcu* ntip'a Strain I, Walterboro, South 
Carolina Coll Dow V BaxUr Herb Dow V Baxter 
FttmUtpCfreUa jhndama Murr on Querewt yheUo9 Strain U, Arkan«ae Coll 
Dow V Baxter Herb Dow V Baxter 

I<ructification perennial, effused in patches up to 45 cm long, woody, 
up to 2 cm thick margin mostly less than 0 5 mm wide, at first 
‘^wood brown,” becoming blackish in age, context “cinnamon- 
brown,” less than 0 6 and usually less than 0 3 mm in thickness, 
tubes 2-3 mm long each season, stuffing whitish, mouths angu- 
lar, 5-7 to a mm , grayish umber with a distinct sheen which sug- 
gests that of Fomee Everhaiitij the brown colors being “snuff 
brown,” “Verona brown,” “bister”, dessipiments thm, entire 
or uneven, basidia 7-9 X 3 5 ft , spores globose, smooth, at first 
hyalme, becoimng pale ferruginous, 4x34^, hyphac ferrugi- 
nous, no cystidia in specimens of Strain I (none in type), tys- 
tidia present m Strain II, 13 20 X 6 5-7 p 
Allted epectea — F flondana is distmctive among the Fomitiporellae 
and Fomitiponae because the pore surface most closely resembles 
that of F Everhartit Descnptions of F fiortdana are misleading, 
however, and one is apt to confuse it with Porta pereffusa, whitli 
has “glistening” tubes Macroscopically P pereffusa more 
closely resembles Porta bet^dtna or Foma tgntartua var laetapafus, 
according to type speemMma Microscopically it differs from these 
two plants by its colored spores FomUtporeUa meUeoporOt also, 
is described as having mouths “fiavous to melleous,” a phrase 
which suggests a glistening pore surface F meUeopora (type) is 
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much more yellow, “old gold,” than F flondana, which in its 
browns is more nearly sinular to P Muhna or F tgntanus var 
laevtgcUus 

CuUurea — Isolated from Qi^ercus mgra Strain I, Walterboro, South 
Carolina, and from Quercus phelloa Strain II, Arkansas Both 
strains are characterized by such an abundant development of 
mycelium in cultures that the fungus almost fills the flasks 
Strain I belongs to the slow-growth class and falls into the large 
range of temperature and the high^temperature groups It grows 
best in the dark Strain II differs from Strain I in that it has no 
black-hne formation, it is lighter in color, and it is not so nodu- 
lose It 18 , furthermore, cottony rather than chamois-like 
Habitat — Quercus ntgra, Q pkellos 
Dtsirthuiton — Arkansas, Florida, South Carolina 
Remarks — Attention is called to the fart that tin re is a morpho- 
logical differeme existing between Strain I and Strain II Strain 
II possesses eystidia, but is otherwise microscopic ally and macro- 
scopicaJIy identical with th< type The likeness of the cultures in 
their habit of forming an abundant growth of mycelium is impor- 
tant 

Poria reitculcUa (Pers ) Fr , Syst Myc , 1 385 1830 

In Sacc , p 330 1888 

Potyporua erpttUeacena var JUmdidui Karst ex Komell 
Polypoma fannellna Fr ex Romell 

Important apaemieiiii 

Pena reh^uloto Fr Brenadola, 1895 Herb BrfMadola, Htockhohn 

Pona reheuUUa Kr Romell, 1910 13241 Herb Mye I^ars Konjell 

Stockholm 

Fructification annual, apjieanng m irregular areas, < ffused for about 
10 tm , adnate, extremely thin, Icjss than 0 3 mm thu k, fragile 
margin up to 1 5 mm wide but mostly 0 5 mm or less, cobwebby 
or becoming fertile, “pole ohve-buff”, subiculum thin, pafier- 
hke, “pale olive^buff”, tubes shallow, rarely as much as 1 mm 
and usually less than 0 3 mm long, somewhat merulioid , mouths 
2*4 to a mm , round to angular, white at first then “pale olive- 
bulf,” “cream-buff” to “pinkish buff”, dissepiments 62-230 p 
wide, basicba 4-spored, lfi-20 X 6-7 p, spores allantoid, 6 10 
(7-9 X 25*3)2*3 5 Pt hyphae hyahne, fra^e, loosely arranged, 
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smooth or tmnistid, octasionally neptatc, muth-hrumhod, 2-5 fx 
in (luimttor 

'Mhed aperies Porm reiiculatn may Migg* st a fH>orly dfVf]oi>rd 
form of P t^ersipmua or, at huat, ont (xhihiting nhort tnbos 
P caiyhdtii*nfna and P coittcoUif also, may bi lonfustd macro- 
si opically with this Tlio Jargt long sfHirth of P reticu- 

lala arc veiy distim tivt and sf t it apart fiom tiusf plants 

Occtinenre Ihjs intercKtmg spcdts is frcquontlj found on 

frondosf wood m Bwidtn, is rornmon on willow m thi Alawkan 
tundra It sums to o<uir more frequently htn than iii the 
United Stab h 

Hahtfai - Ptnus eehuiaia^ Pzrea Poptdu\ balnamj/rra^ 

Salix sp , iSi 7 <ioia seniperinrenn, 1 mqa heteropkylla 

Ih^tribulton — Alberta, British C olumbia, Manitoba, Alaska, Cali- 
fornia, hlonda, West Virginia 

Pona niyrewns Bros, Atti At tad Rovticto, 

III, S Hi 1897 

Type and jmpertiint i^pocimcn 

Porto lircH Kp nov , on ronifcTOUH trunk lx*g BriHudola Herb 

Brwiulola, htorkhidni 1898 

Pona ntgrescens Brea, gp nov, on AlnrK peettnata, Prenro\\ Kmet, 1889 
Hirb BnwodoJa, Stockholm 

Fruetification pen nnial iffused m patdies 1 dim broad and 9 tnri 
or more long, a\ei aging 2 4 imn thick wparabk, margin at 
first leas than 0 5 1 mm wide, slightly pubi stmt, ofti n becoming 
fertile, loosening from th< substratum upon drying, Hubieulum 
distuift, less than 0 5 mm tluck, white wlun fresh, “in am-buff 
m herbarium spedmens, tubes distinctly stratified, usually ex- 
hibiting a rdedmg growth habit, le new growth oftdi not 
(overing all the old fnutifieation, 15-6 mm long ea<h season , 
mouths fleslwolor Avhdi fresh, *‘pale pinkish dnnamon,’' "pink- 
ish buff” "diinamon-buff to "deep mouse gray'^ when dry, 
Hubcirdilar to angular, rather tluck walls, 5-6 to a mm , dissepi- 
iiunts entire basidia 4-spored, spores hyaline, globose or broadly 
ellipsoidal, 3-5 hyphae hyahne, mostly coarse, thick-walled, 
simple hyphae 2-7 p in diameter, cross walls evident, no clamp 
connections and no cystidia 

Allied species - The relationship of this plant to Polyporun nytdm 
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L^v has bttn mentioned by Overholts (8) Attention is called 
to the fact that in cross scctioiih of th( hyincnium of both plants 
tiie trama is seen to be very compact the sections of the closely 
crowded, thick-wallc d hyphae gniiiR a ‘ pseudo cellular” appeur- 
ance It is pointed out that Pol jigidus does not liecoint notice- 
ably darker or huiokt -colon d on dryinii; nor is U perennial 
Habitat — Betula t^p , Fagutt americnna^ lieu opuca I iquidaoihar 
Hlyracifiuay 1 huja pltcaia 7'mga canadensis ( Imus amerirana 
Dt*<tnlmlt(m — Ontario, Alaska, Arkansas, ( alifornia rioruh, Idaho, 
Illinois, Indiana, LfOUisiana, Michigan New Ilampshin , Now 
York, North Carolina, Ohio PcnnsyKunia South ( arohna, 
Icnmssce, Vermont, Virginia, West Virginia 
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THE INFLUEN('E OF hOIL TREATMENT 
ON JACK-PINE REPRODUfTION 

KISSHLI K TtKARKON AND FIUN( IS H I \ Ut 

J AC K PINE, foinmonly known as a tno of tlir sand plains (Kdirs 
also m some parts of ith ranf<i, on kavn i, mon f( rtilo soils On 
thcM soils, (onsidcrabk anas of which are found in north* ash ru 
MmntNOta and adjacent Ontario this Hp*(us is not maintaining it- 
self In natural stands over ciglity years of ago it is ilying out latlu r 
rapidly and is being n placid by hardwood shrubs balsam fir and 
papei birch, with a Hpnnklmg of blaik spriui, white spruu and 
wlute pine Logging speeds up thi coincrsion to inferior species, 
( specially aniKui and pajx r Inn h (1) 

Since jack pme is more \aluabl( than are the chief components of 
the forest type that is replaeing it foresters are interested in learning 
how to cncourag* natural rcprexliK turn of this sjiecKs An e\|Rn- 
ment in seedbed jireparation started on the Sujxrior National Fore st 
in 1934 by the Lake States Forest Experiment bt ition has heljied 
to clear up certain phase h of the problem 

Before diaeuKsing this experiment, it would be well to consider 
briefly how jack pine haa manag*d to attain its present dominant 
fKWition on the heavie.r soils when othei species arc more at home 
Unlike most forest trees, it does not shed much of its see d at the tun* 
It npens Instead, by far the gnatcr part of the seed le mains in 
the persistent tones more or less permanently sealed up until r* leased 
by a forest fir* 

Although practically all vegetation is killed when a fire sweeps 
through a jack-pine stand, the seed, owing to the insulation afforded 
by the thitk-scaled rones, remains unharmt*! Th* heat of the 
flames, usually not of long enough duration to destroy the eories, 
opens the scales, j>ermittmg a tremendouH quantity of seed to drop on 
sod which IS practically bare Thus it is that the douse jack'pine 
stands of the Superior National Forest have originated It is ap- 
parently only in such a way that this s^ieeies can jierpetuate itself on 
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these hea\ur soils where other species arc liettcr equipped to main* 
tain themselves 

Although jack pine in the absence of fire disperses little seed, it 
has lieen shown by Eyre (2) that large quantities of seed will be re - 
leased if the cxine-beanng slash remaimng after a logging operation is 
scattered over the ground and left during a part or all of a summer 
season But the mere presence of seed has been insufficient to insure 
adequate regeneration It was thought that soil treatments to im- 
prove seedbed conditions might prove of value m accomplishing this 
purpose, since the tough and fibrous mat of duff which tends to build 
up more on heavy soils than on sandy soils appeared to be a poor 
medium for the development of tree seedlings This idea, therefore, 
serves as the foundation for the expt riment reported here 

Ibe stand of timber chosen for the location of the experiment 
oov< red about nine acres and consisted of heavily stocked si venty- 
year-old jack pine, with an admixture of black spruce, paper birch, 
and aspen The topography is almost level, the sod is a layer of 
good quality loam about two feet deep covenng igneous bedrotk 
The duff and humus layer under the stand was from one to four 
inches thick and rather poorly decomposed It was strongly bound 
together by the roots of live plants and proved to be difficult to re- 
move even with the aid of mattocks 

The first step m the experiment was to remove the duff with 
mattocks and rakes This was done on some parts of the tract, on 
others it was merely tom up, but left in place Some portions, also, 
were retained undisturbed for comparison This work was earned 
out in October, 1934 

In February of the following winter three acres were cut clear, 
half of the trees were removed from five acres, and one acre was 
left uncut The plots were so arranged that all three methods of soil 
treatment oc< urred on both the partly cut and clear^ut plots On 
the uncut plot the duff was undisturbed 

At the time of cuttmg the branches of the felled trees were lopped 
and scattered The following summer half of the clear-cut plot was 
broadcast-burned when the slash had become dry enough to bum 
readily 

The jack-pine reproduetKm resulting jCrom the experiment, based 
on counts made in August, 1936, two growing seasons after cutting, 
ts shown in Table I 
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Numbisr ok Ja(k>Pink Skviiunoh pbr Aceb ab a Result of Diffkrknt 
Son Thbatments and Di^fbbbnt Dborees of CurnNo^ 


Soil treatment 

1 Degree of cutting 

Basis (number 
mil acre quadrats) 

TJneut 

Partial 

cutting 

Clear 
( utting 

No treatment 

20 

160 

711 

121 

Duff tom up 


560 

030 

62 

Duff removed 


2,620 

10,026 

00 

Basis (numiwr of 





re quadrats) 

50 

140 

83 

L- 

273 


* Conmderable numbers of anpon suckem and seedUnfCS of aspen, paper hirrh, 
blark spruce, and tudsam fir also came in on the various plots, but these are not 
included here since they are not pertinent to the discussion 


Aw will bt noted, adujuate reproduction waw not obtaini d in any 
cawc on tht undiwturbt d forest floor, although there was an increase 
m tht number of seedlings with the degrte of cutting It should be 
pointed out that this increase may have lieen due entirely to the 
quantity of seed which reached the ground Certainly most of the 
seed must havt < omc from the cones in the slash, whu h, on the clear- 
eut area, was twice as hea\y as on the partly cut plot from which 
only 50 per cc nt of the stand had been removed Thus the clear-cut 
plot was, no doubt, seeded twice as heavily as the partial cutting 
The same trend is evident m the figures given for the areas that 
were treated 

The sinking result, however, was the tremendous incre^aac in re- 
production on the clear-cut plot where tht duff layer had been 
completely removed This amounted to over 10,000 seedlings per 
acre 

The broadcast bunang of the slash was not successful, the secd- 
Imgs on this plot now number only 1,782 per acre, which is far from 
being ideal stocking when their age and patchy distribution are con- 
sidered The apparent reason why a forest fire will start a jack-pine 
stand, but a slashing fire will not, is that the heat of a slashing fire 
ifl much more intense and longer in duration around the cones In 
the case of the forest fire, the heat merely opens the cones m tree- 
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top‘4 but lu a Mlitshiii#^ hn nunt of th< (oiits togc thtr A\ith tbf scntl, 
an a( tually (onsuiiir<l It is ( one ei\ able, of course, that a ve ry light 
hn (ould b( mu througli slashings Init in llu one sueh atti mpt whuh 
uas iriadf tho firr \ias too hot to aihK\o the desired rnd Before 
definite eomlusions ean be d!H>\n on the prae tie ability of using fire 
(o release ja< k-()iiu seed auei prepare the seeelbed addftieuial ext>en- 
uunts must be condueteel It is eUarl> evident however, that it is 
necessary to expose tiie mineral seal in some maniur if jaek-pine 
reprodue tion is to be obtained e>n heavy soils 

J oRtHi Service, DhPARTMFVT or AeiKicin tukf 

1 AKfc, SlATKH foKVST txiKKIMENl STATION 

1 MVERSITV 1 ABM, Sf pAl I , MlNMjRfJTA 


LirhH\ITTRl. 


1 I YKE Francis H 1932 Itcsults e>f ( uttmg eni the Superior NationBl 

I (trejft In manujitnpt 

2 1935 DisptrHft) of luck Pinr SrHeU frenn Seed Tnetw anti Slash Pap 

Mieh Aead St i , Arts and 1 e tiers, 21 (1935) 279 284 1936 
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A CTIVniFS in wliito pine blistir-ruMt (oiitrol ha\f Ixin < nn- 
. du(tt(l ti« a (ooj)erativi project in Mu higan The onguul 
agoiuic^ wore the Bureau of Plant Imlustiy in th< United States IR- 
parfmtnt of Agruultun and the state insptftor of t)n hards and 
luirserns m Mk higan, wlio, in turn, had tht assistance of tin officials 
of thi Mu higan Agruultural ('olhge, the Unnersity of Mn higan 
Hnel the state forester In P)21 the office e>t the state inspeetor of 
orchaieis and nurseries was dtse ontiime el and the Mulligan State 
Department eif Ague iilture threaigh the < ennrnissioru r of agru ulture , 
became and still is the coopt rator In 1929 the Ugislaturc passed 
Act No 313 known a.s the white pine blister-rust control aet, which 
empowers the e ommissioner of agriculture to pursue the control of 
blister ruHt by destroying either of the host |)lants, namely, diseiseel 
pine or currant and goosebe rry bushes (Uilxs), and authemzes him to 
act m (onjunetion with the ITnite d State s Departmemt eif Agriculture, 
the Michigan Department of Const rv at lem, eounties, townships, 
associations, and individuals m the suppression and control of the 
rust During the last three years the United States Department of 
Agriculture has collaborated through its Bureau of hntornology and 
Plant Quarantine 

Blister rust was first found in Michigan m 1917 on imported white 
pme planted m Oakland County and, later on imported white piiu 
planted in Kent County i hese trees were promptly destroyed, 
but not before the disease had gamed a foothold m the state In 
1928 it was discovered on native white pine m C^ielioygan County 
and in 1929 m Marquette and Ditkinson counties Hm<< then it has 
been found on pine m Baraga, Iron, Menominee, Houghton, On- 
tonagon, and Delta counties m the Upper Peninsula and m Mason, 
Iosco, Kent, Oceana, Leelanau, Sanilac, Ottawa, Fmmet, Otsego, 
Alcona, Newago, Montcalm, and Beneie counties in the Lowc^'r 
Peninsula By 1936 infection on liibes had been found in all the 
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fifteen counties of the Upper Peninsula and in forty counties m the 
Lower Peninsula With this ever-increasing spread of the rust no 
stand of white pine growing in Michigan can be considered safe from 
attack and damage so long as large numbers of Kibes are growing 
among and near the trees 

Tlie early work m Michigan was earned on through the efforts 
of Pennington » Pierce, Posey, Young, and Baxter, representing the 
Federal authonties, and local scouts hired dunng the summer months 
The initial activities were scouting, tracing down the importations of 
white pine planting stocks, and carefully inspecting all plantations 
of white pine to determine the presence or the absence of thi disease 
The first really intensive work was earned on by Baxter and others 
in Kent and Oakland counties In 1927, under a cobperative agree- 
ment with the United States Department of Agnculture, the first 
agent for all-year blister-rust control was employed, and a survey 
of pine areas was begun, iti which the help of school children was ob- 
tained in many counties Through this survey some excellent results 
were secured at a very small cost Late in 1927 Messrs Hodgkins, 
Sheals, and Corliss of the United States Department of Agnculture 
were sent to Michigan^ and infections were found on Ribes all througli 
the Thumb distnct and in a belt two counties wide straight west 
of Saginaw and Bay City In 1928 Mr Corliss observed the first 
infection on native pine at Indian Hiver m Tus<arora Township m 
Cheboygan County, and within a few weeks interest was so aroused 
m tlus distnct that the Tuscarora Township Board appropriated 
$500 to carry on local control work, the first intensive local control 
on a large scale m the state 

In 1929 came the enactment of the state blister-rust control law 
and the appropnation of $20,000 for each of two years It was dunng 
this biennium that the first systematic work m eradioatmg the culti- 
vated black currant was started 

Dunng 1930 and 1931 many pnvate owners of pine were inter- 
viewed, and as a result considerable help was obtained In this setup 
pme owners provided the labor while the state and Federal govern- 
ments furnished the supervision and assumed responsibility for the 
quality of the work It was withm this period that the first nursery- 
sanitation work was done in the state-owqM nursenes, where millions 
of white pmes were growing 

In 1932 a small state appropnation matched by Federal funds 
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was made available, and county labor provided by the IocaI author- 
ities was first used on the project Late in 1933 the first control 
work was begun under the National Industrial Recovery Act In 
this same year local control under the program of Emergency Con- 
servation Work started, and before the year ended the Civil Works 
Administration activities, chiefly in cultivated black currant eradi- 
cation, were earned on 

The program of the National Industnal Recovery Act, the 
Emergency Conservation Work, and th* Civil Works Administration 
reached the peak m 1934, when 1,240 men were employed Through- 
out the year activities were also continued in a few counties under 
funds of the Federal Emergency Rchef Administration 

In 1936 the first funds under the Works Progress Administration 
for control work were allotted The program of the Civihan Conser- 
vation Corps, which attamed maximum sisc m 1934, was greatly 
decreased, but the Works Progress Administration program went to 
a new high in September, when 1 ,284 men were on the rolls 

Before summanzing the results I wish to touch on \be vaxious 
kinds of activities included under blistcr-rust control The late fall 
preSradn ation survey work is done by the trained supervisory 
personnel In it the white pine stands arc located on maps which are 
<lrawn to a scale of four niches to tlie mile In evaluating pine 
stands the following standards have been set up m agreement with 
state and Federal foresters for first pnonty pine 


TABLE I 


Evaluation or Pinm Stands 


Character qf aUmd^ Stte of area 


1 Ornamental puuHi Any meo 

public parka, retiorta 5 acrea 

2 Native aiands in foroet 20 aerea 

areaa 


8* Woodlots 


6 acres 


4 Planted pines 1 acre 

6 Shelter belts Any sise 


Mtmtnum aiocking 
for the areas 
One or more groups 
20 pines per acre 

16 ft high, 200 
pines per acre, 
7-15 ft high, 100 
pines per acre, 
16 ft and up, 50- 
75 pines per acre 

50 pines per acre 

600 pines per acre 

10 or more pines 
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In MnhiRan, Wiwnnsin and Mimusota thtro arc laigr an ah of 
whiU puu which do not meet tlu mmimmn requirciTwnts for good 
whiti pim, but whu h contain within tliemscKts sufficient trees to 
justify limited proti ttion (owts or whiih are in process of produiing 
well-stocked stitids by \irtu( of bdtig seed trees These stands 
whn h w( may dt scribe as cond-pnonty pnu /’ may be given a set 
of tniinmuni requirements Hiuh n quirt me nts would apply to 
nativt stands ni forest areas of 20 aens or mon , with the following 
number of pines per acre in the diffirent sire classes 

60 pines pci ain I~0 fc*ef high 

25 pin«*« IX i acr< 7 1 6 feet high 

16 piiie^ per a< n ovi r J5 feet hijcli 

In protecting hrst-pnonty piius a zone of QOO feet is worked 
Hround each stand on all land, with the exception of li\e swamp, 
when eradication is limited to a narrow border extending into the 
swamp for a distance of 200 feet In protecting second-priority 
pine s a zone of 900 fe f t is workc el around c ach stand with the ex- 
feqition of live swamp, which is left untouched A small amount of 
ertw work is being done m the protcetion of siieh stands 

All mapping is tied m very closely with the standard practice of 
the Unite>d State s forest Servic c Ihc re al purpoejes of the preferadi- 
f ation survey art not only to lea ate pint are as but to give a basis for 
making fairly ae curate estimates of the amount of effort neeessary 
to protect the pine 

Since this work is done cxtensi\tly m the fall and winter diffitult 
(onditions, naturally, are apt to bt eneountered, among them deep 
snow, which prevents observation of ground cover To assist the 
mappers in working up their estimates a list has been made of the 
Rilies tyjxs common to the Lake States The^ee types, which denote 
the e onditions mduative of the degree of Ribes abunelame, are given 
in Table II 

As soon as Ilibes leaves make then apjx'aranee we are ready to 
start a second phase, known as loeal control Lexal-control trew^s, 
profierly supervised and using the pre^eradication survey maps, com- 
mence systematic removal of all Rilies under white pmt and within a 
900-foot zone all around the stand Bhstcr-rust agents teach their 
foremen to ree ognize the different types of Ribes native to the region 
by their leaf charac tenstic h and habit of growth, and these foremen 
later teaih and develop the workers so that they may become skilled 
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Kibes type 
and name 

A Saainp type 
(<Htur, bard 
uooils, alder, 
tumarac k 
black spru< i 


H Sviamp type 
muskeg 


C rpland typo 
hard^^<)ods 
white pine 


D Upland type 


TABLl II 

rviEs OF Rinra in thk T aki< Stati^h 


t liara< tei 


Water usually ilouing, 
deep humus, loamy soil 
much brush windfalls 
<edar haidwoods white 
pint mattcruig L 8 uaH> 
diffiiult, costly eradua 
turn Job Crtw wtuk 
C losi foniiHtiuii 


still, d<*ep |Mat 
growth, bather 
moss, S( attered 
blai k HpriK < 
Stout or fnw work at 
edgt M only 

Dry land, medium duff, 
sandy loam to elay 
loam, giNKl soil brush 
medium, mixed hard 
wmois, w lute pme, open 
aspen, bireh good white 
pine planting sites 
Crew woik 


Dry land, sand to sandy 
loam, brush light, jark 
pme, Norway pine, 
white pine, white pin© 
planting site Tsuaily 
sceut work 


Kibew spetioR 

K hirtellum 
(smooth g(K>Heb( i r\ ) 

K amoruanum 
(wild or Aim 1 nan 
blai k ( uriant) 

U tristi 

(swamp red (uiratii) 

H ImdKoniunum 
(Hudson lla> tun ant) 
K gland ulosum 
(skunk ruirant) 

H i ynohbati 
(pritkly oi pustuit 
gooHfbtri> 01 dog 
berr\ ) 

K oxyat unilioides 
(snuMitb goo-^ebeny) 

R misHourienm 
(Missouri goostbciiy) 

H ghuidutoHum 
(skunk ( uriaut) 


U hirtellum 
(smooth goosebt rry) 

R lynosbati 
(prickly or pastuit 
gooseberry or dog 
Inrry) 

It ox^aranthoides 
(smooth goostbeiry) 

H trlstt 

(swamp red turrant) 

K triste 

(swamp red currant) 

H (>nosbati 
(prickly or pasturt 
gooseberry or dog^ 
berry) 

R biH-nJJum 
(smooth gooseberry) 


Ribes 
abun- 
dant ( 

Hf av> 


None 

except 

at 

edges 


Medium 

to 

heavy 


None 

to 

ftw 
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TABIJ: II {Concluded) 


Ribefl type 
and name 

Character 

Rjbes species 

Ribes 

abun- 

dance 

K Upland type 

Dry land, open fielda, 

U cynosbati 

Few to 

pasture 

paaturew l^tls vary 
Scattered hardwoods, 
white pine Scout or 
crew work 

(prickly or pasture 
gooseberry or dog> 
berry) 

H hirtellum 
(smooth gooseberry) 

H americanum 
(wild or American 
black currant) 

H misitouriense 
(Missouri gooseberry) 

medium 

often 

large 

bushes 

P Cultivated 

Area In orope or meadow 
and not needing even 
scout work, except along 
fences, stone piles, eto 

None 

None 


in spotting RibcB under all conditK>ns mot in the foroKts When the 
men have developed a *^Ribea eye” they are tramcd m the methods 
of pulling and hanging the bushes so that they will not sprout again 
Of course^ in eradicating the plants great tare must be exercised to 
remove all the crowns and the large roots Under the eradication 
program it is necessary that every square foot be covered, and in 
order to avoid miHsmg any of the ground the area ts worked in strips 
by the Ribes crews, usually composed of five men abreast, followed 
by a straw boss The foreman nine out a string line marking the 
iKJundanes of the area to be worked Then the straw boas starts 
his crew at right angles to this line One of the end men cames a 
ball of one-ply string, allowing it to unwind as he walks along 
When the crew reaches the end of the strip, it turns around and fol- 
lows back along the line just laid, and the other end man lays the line 
along the new stnp The distance between the men ranges from 4 to 
20 feet, depending upon the dendty of the Ribes and of the cover 
The local-control crews are required to reduce the live stem to 
25 feet per acre Careful checks are made by the foimen and super- 
visors to see that this standard is closely curved 

The nursery-samtation program follows elosely the procedure 
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laid down for Ribcs <radication in pine Htandh, \Mth the txception 
that where federal permits art requested by the nurseries the crews 
usually work the area several times, each time going in a direction at 
right angles to the previous working and ridiumg the live stem 
prac tu ally to zc ro lief ore i ertifii ab s an issiu d rius work is checked 
not only by thi state organizations but also by a repn sentative from 
the Division of Domestic Plant Quarantines of the htderal Bureau of 
Fntomology and Plant Quarantine 

A large nuinlKr of siieties of Ribes have been fouml by tlio 
workers In thi wild gcKiseberry group Hibes cynosbalt (prickly or 
pasture giKistbirry or (login rry), R ktrteUum (smooth gooselxrry), 
and R oxyacanthoides (smooth gooseberry) ha\c been noted, m the 
wild currant group R armricanum (wild or Ameruan bla( k currant), 
R iriste (swamp rtd currant), R glandulomm (skunk currant) 
R hudsonmnum (Hudson Bay (urrant), and R lacuMre (swamp black 
currant) In the cultivated gooseberry group there art found tin 
various strains of H gronnularta (F uroi^ean or English gooseberry) 
111 the cultivated currant group, the various strains of R vulgare 
(red currant of gardens), R aureum (slender golden currant) R 
odoratum (Missouri or golden or buffalo currant), R alptnum (moun- 
tain currant), and R mgr urn (black currant or European black cur- 
rant) Most of the indigc nous spec us are pretty well known 1 here 
IS, however, still much to be learned about them I dcnibt whether 
any specu^s of llibts have escaped the notice of our botanists, but 
tin recorded ranges of some of the sjucies have l)een considerably 
extended by our workers Wc n<c*d better keys than are generally 
available to our laymen, and I am happy to be able to say that, with 
the aid of the Department of Botany of Michigan State College, 
some progress is being made m that direction 

One of the very important control activities which have been 
given considerable weight in Michigan is the eradication of the 
cultivated black currant, Ribea ntgrutn Because of its extreme 
susceptibility to mfee tton and l)ecause the volume of spores produced 
on it is ( apable of causmg severe damage to pine, this currant is the 
most potent factor m the long-distance spread of the rust 
A summary of local control as of December, 1936, follows 

Acres in protective zone worked over once 725, 4A5 

Acres m protective zone worked over a second time 33,453 
Number of wild Eibee eradicated 92,232,179 
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Michigan has M5,218 acres of white pine worth protecting^ and 
of this area 256,758 acres have been worked once and 14,385 have 
been reworked Approximately 46 per cent of the acres of white pmo 
have been given initial protection 

In the nursery-sanitation activity from 1929 to 1936, inclusive, 
seven nurseries have been protected from infection, three being state 
nursenes and four government-owned Crews have worked 3,445 
acres and have pulled 1,016,649 wild Ribee in the vicinity of such 
nurseries, 137 cultivated black currants have been eradicated be- 
lause they were witlun the one-miJc limit of the edge of the nursenes 
The black currant eraduation has been conductwi in sixty-one 
counties, where 10,842 locations were found to have Rthes nigrum 
growing on them, and 108,727 plants of this species have been eradi- 
cated A large c*oucentration was removed from Chippewa, Hough- 
ton, and Marquette counties, m which 43,788 bushes were eradicated 
At the close of the year 1936 Ribes infection had been found in 
fifty-five counties in the state and white pine infection in twenty- 
eight counties All counties of the Upper Peninsula are known to 
have blister-rust infections, and all in the Lower Peninsula north of a 
line drawn from Allman in the southwest comer to Oratiot and back 
to Oakland in the southeast corner, with tho exception of sevei^ 
counties m the dry jack ptne area of the northern part of the Lower 
Femnsula 

That we may have some idea when it is necessary to give white 
pine areas the second protection, forty-six permanent plots for the 
study of Ribes regeneration, each one fiftieth of an acre, have been 
established pnor to eradication Forty-one have been laid out in the 
live swamp type and five in the upland type, where hardwoods and 
white pine grow These plots are examined every year to determine 
the rate of regeneration 

Plots have also been Md out in several sections of the state where 
blister rust has done considerable damage to white pmes They are 
being used not only aa experimental plots for the study of pine 
infection but as demonstration areas so that the public may better 
appreciate the senousness of the disease All are easily accessible, 
and those interested in seeing the vanoua areas are urged to get in 
contact with our state or district leader, who will be glad to ao* 
oompany them 

MlCBlQAK 



ADMINISTRATIVE ASPECTS OF THE APPLI- 
CATION OF THE DISC^OUNT PRINCIPLE IN 
THE ASSESSMENT OF FOREST PROPERTY 

DONALD M MATTHEWS 

F )R a conmderable period the dmoimt prmc iple has bc( n used by 
the Muhigan State Board of Tax CornmisHionerH in the valu- 
ation of mineral properties With certain modific ations it ( ould hi 
applied to the assessment of forest property with equally satisfac- 
tory results The objectives of assessment by this principle would 
be (1) to determine a value for tax purposes which would be closely 
related to the income which the owners of the property would rective 
from it under the plan which they might adopt for managing the 
property, (2) to dttermme such values m a manner which would 
make certain that the tax would take the same percentage of net 
income in all cases, and (3) to stabilize tax income by fixing the tax 
levy at an amount which would not change dunng the life of the plan 
under whu h the assc ssment had been determined unless basic values 
or tax rates changed 

The formula which has been suggested for use in determining sue h 
an assessment is as follows 


in which 

P m th« present worth, 

A M the annual net income (without de<hiction for taxes) during the period 
under oonaideration, 

1 m the capitalising rate or rate of interest that the mveetment le expected to 
earn, 

f *• the rate of taxation, 

I the rate of intereet earned by the depletion fund which at the end of the 
operation ie to equal the present worth of the property, 
a wr the number of years in the period under oonsideratim 

As an illustration of the way m which the formula would work with 
a liquidating timber operation, we may assume that a timber pVoperty 

819 
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of 40,000 at res, tarrying a ntand of 515,640 M ft h m is to bt ojx^ratod 
under a plan which would tomplotely hquidatt thf timber in twenty 
ytars and yield an average annual net mtotne from stumpage of 
1163,320 before taxcM 1 ht laud might be aHsesaed at any figure 
fotiHidered reanonable in tornpanwjn with bare land values m the 
vKinity, but with capitalizing and sinking fund rates fixed at 6 
per tent and the tax rate at 1 5 per cent, the assessment of the 
timber would be as follows 


ij _ 


1163,320 

006 


<163,320 

0 06 + 0 016 + 0 0272 


and, solving, 


r * $1 608,000 


This IS the eapital sum of money 
(a) Upon whuh iiKome will pay a tax calculated at 1 6 per cent for 


20 yearn, an annual Hum of $ 23 070 

(6) Upon which mcximc will pay mterest at 6 per cent for 20 years, 

an annual »um of 06,880 

(c) That wilt be duplicated in 20 years by an annual depletion fund 

payable from income accumulating at 6 per cent interest of 43,470 


The total sum of these items being equal to the estimated annual 

income from stumpage $163,320 


The asHCswed value as thus determined, or $1,598,000 for the 
40,000-acre property, should remain the assessed \ alue for the dura- 
tion of the plan under which it had been determined It should not 
drop with cutting, as is the practice with the present application of 
the general property tax, because the assi^ssment would be based 
upon a calculation that provider for the budding up of a depletion 
fund from income designed to keep intact the total mvestimnt repre- 
sented by the timber The depletion fund as it accumulates should, 
however, be exempt from taxation until the property is liquidated 
This would be effected, in pert at lea^t, if the company used the de- 
pletion fund to retire such bonded debt as it might have assumed at 
the time of organization Beyond the point that this should be 
possible, or if the company should have no bonded debt, the depletion 
fund would have to be invested m tax-eimmpt securities, or spe- 
cifically exempted from taxation m some other manner 

In applying the principle to properties which were being operated 
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under planH aiming at sustained yield a simple ruodifitation of the 
formula is all that is required Growth of timber, when the property 
IS managed undtr a sound plan, will provide for the maintenance of 
tlu foiest tupital intact, and hence there is no ne(esssity for setting 
up a dtpktion fund Ihe value of a forest projxrty producing a 
ptrmamnt muuial intomt would lx determined for tax purposes by 

tlu formula P « -—} in whuh P is the \alue to b( deter- 

0 Oi 4- 0 

mined, A is the annual iiuome from stumpag* t is tlu rut* of nturn 
allowed on the valui P, and i is the ratt of taxation to be levud 
against the value P In a (as( such as this a separate value for the 
land would not be determined since the land would be an integral 
part of the produc mg proixrty and would not be release d for othc r 
uses as ( utting progre ssed 

With an assc ssment procedure such as this in force the jierientage 
of net income take n by the tax is determined by the relative amounts 
of the capitalizing and tax rates In this illustrative case it would be 
20 IK r c( nt for the sum of the capitalizing and tax rates is 7 5 ixr 
cent and 1 5 per cent is 20 jx r tent of 7 5 ixr cent That this same 
percentage of m t income would lx takt n by the tax as long as the 
capitalizing sinking fund, and tax rates remaine d unchanged, regard- 
less of the plan of management whie h might be adopted is demon- 
strateel in Tabic I, page 322 In this schedule the assessment of the 
same forest proix^rty has bee n determined unde r four different plans 
of management- two aiming at liquidation and two at sustained 
yield It IS to lx note d that, although the annual income and, there- 
fore, the assexsinent are different m every ease, the tax still takes the 
same percentage of the estimated net income 

Attempts to devise an administrative framework within which 
this print iple of assessment could operate with the minimum of fric- 
tion have brought to light vanous difficulties Some of these have to 
do with the legal status of taxation in various states, but wherever 
state constitutions provide for the assessment of property at its 
true cash value this method of valuation could apparently be adopted, 
without constitutional amendment or legislative action, as a reason- 
able method of determining the cash value of forest properties 
Other difficulties arise from the way in which timber owners operate 
their properties, the necessity for providing for changes in manage- 
ment plans, procedure m cases of transfer of title, and the hkc 
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TABLE I 

Comparison op Tax Burden under Various Plans op Managbmbnt 



Liquidation 


Sustained yield 


lt«m 

2O<y0ar 

period 

logging 

lO-yoar 

period 

togging 

20-yoar cycle 

10-year cycle 


let cycle 

2«1 cycle 

1st cycle 

2d cytle 

A Annual Incotue be- 
fore taxes and 
allowance iot de- 
pletion 

$ 103 320 

1402 000 

$ 130 660 

$ 108 420 

f 160 120 

$ 167 760 

B AeMMiment as de- 
termined by dis- 
count method 
with interest at 
6% and taxes at 
15% 

I 698 000 

2 066 70Q 

1 822 000 

t 446 600 

2 264 900 

2 102 000 

C Annual depletion 
charge aoovunu 
lating at 5% n- 
qulr^ to retire 
assessed value 
during pwiod 

43 470 

202 060 

NU 

NU 

NU 

Nil 

D Net income after 
depletion and 
before taxes (A 

C) 

110860 

199 940 

136 660 

108 420 

169120 

167 760 

E Annual tax at 

1 5% of assessed 
value 

23 070 

39 986 

27 330 

21 684 

33 823 

31 630 

F Tax as a percent- 
age of net in 
come (E D) 

20% 

20% 

20% 

20% 

20% 

20% 


I do not propose to deni individually with the vanous adminietrative 
diiHcultiee which have been pointed out by those investigating the 
possibility of applying the pnnciple, but merely to suggest one 
further step in its appbcation which should serve to do away with 
the more senous obstacles which have ansen 

If the system is to operate at alb the aaseasment must remain 
the same for the duration of a plan unless basic values change or 
changes are made in the rates of capitalisation^ sinking fund, or tax 
Basic values should certainly be reviewed as often as once in five 
years, and it would surely be only equitable to allow an owner to 
present for approval an aHemative plan, should his original plan 
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not prove suitable to his needs Furthrrrnore an owntr should not 
be required to cut annually the <xa<t amount of timber which was 
the basis of his assessment, but should have some latitiuU in adjust- 
ing his cut to market and operating conditions When these points 
arc given consideration senous attention must be paid to the possi- 
bility of tax evasion It must be borne in mind that under a liqui- 
dating plan the discount pnntiple of assessment levies a lower tax 
upon tht timber property at the commencement of the period of 
liquidation than would be paid under normal assessment procedure 
and a higher tax as the period of liquidation draws to a close In the 
case of the twenty-year liquidating plan previously referred to the 
normal tax on the property before operation commenced would be, 
on fair stum page appraisal and with a tax rate of 1 6 per cent, $48,996 
Tins would decrease with (utting, under ordinary assessment pro- 
( edure, at the rate of $2,449 80 per year Under tlie discount pnn- 
(iple taxes would lie $23,970 continuously and would be less than 
those levied under ordinary assessment procedure for the first elevin 
years of operation and progressively greater theieafter It would 
obviously be possible for the owner to take the benefit of the low er 
rate of taxation for the first eleven years of operation and then in- 
crease his cutting rate so as to complete his operation in another fiv o 
years Thus he might avoid paying the tax called for during the 
last four years of operation originally contemplated under the plan 
and leave the state with no tax base upon whiih to levy and no 
recourse other than litigation if it is to obtain the full amount of taxes 
called for under the plan originally approved 

To avoid this possibihty of tax evasion and to give an owner some 
latitude in adjusting his cut to market and operating conditions, it is 
suggested that it would be desirable to freeze the assessment under 
any plan, not only mth regard to area (legal description) and time, 
but also with regard to annual cut Again referring to the twenty- 
year liquidating plan innaviously cited, one may note that the annual 
tax of $23,970 is predicated upon an annual cut of 25,782 M ft b m 
(1/20 of 515,640 M ft b m ) Therefore, the annual tax amounts to 
92 or, say, 93fi per M ft b m of annual cut It would not be fea- 
sible merely to levy a tax of this amount on each thousand feet cut 
as operation proceeded, because it would only be necessary for an 
operator to present a plan, get a stumpage valuation under it, and 
then refram from cutting in order to evade taxes However, m case 
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provision 18 madt tliat tht minimum annual tax undt r the jdan would 
be $23,970, but that an additional tax of 93^ per M ft b ni should 
be levied on all timl>«r tut in exctew of 25,782 M ft b m in any 
year, then the o|)erator could change hi8 plan and intreaHe Ins (ut 
at any time without Iosh of tax revenue to the state In order to 
allow for the perfectly reaHonabk desire of an ow ner to tut more than 
luH estimated annual produt tion in st>me years and less in others it 
would bt t quitablo to provide further that, no matter what tht rate 
of cutting might bo, the total of taxes paid under the plan at com- 
pletion of liquidation should not exiied the total onginally esti- 
mated, 1 e 20 X $23,970, or $479,400 

Justification for this method of applying the system is found in 
the fact that, after all, the system is no more than scientific appraisal 
of stumpage for taxation purposes It is, of course, true that the 
inclusion of this provision would nalm an owner who first obtained 
assessment under a plan involving a long period of liquidation, or 
under a sustained-yield plan, and then decided upon liquidation 
dunng a shorter period However, it may be assumed that one of 
the purposes of offering this method of assessment to timber owners 
would be to encourage them to submit plans involving long periods 
of liquidation whic h would tend gradually to bring about a rendition 
of effective sustained yield for the industry as a whole, and that any 
provision which would be a deterrent to the abandonment of such 
plans would lx welcome It is obvious tliat such a provision would 
do away with many admiiiistrativt difficulties involved lu the appli- 
cation of the systc in as it has hitherto been discussed ' 
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THE RATING OF FOREST-FIRE DANGER 

J ALI-KtD MmH^LI 

FlHI* DAVOJR DEFINED 

F ire danger is defined an the *'sum total of the fa< torn winch 
determine whitlier fins will start, spread, do damage, and 
whether and to what extent tiny can be controlled ” The degree 
of danger prevailing serves, therefore, aw an indieation of the (ffort 
required to handle tlu fire situation effectively 

DEVELOPMI<Nr OF DANGER RATINGS 

In the early days of forest protiction little conscious thought was 
given to rating fin danger, since protective effort waa necessarily 
restricted to obviously ( ritual iieriods As protection develop! d, 
experience and judgmint were depended on to determine th< need 
for action Rijjeated failure to meet critical situations, due to in* 
expentnee or to poor judgment, and a growing demand for more 
effective protection soon indicated the need for a more dependable 
method of rating danger 

Ihe first step m this direction was to determine the normal ot- 
i urrtnee and seasonal distnbution of firt.H and area burned But it 
was scKin found that normal fire ocourreiu e was not a safe guide, smcc 
some years were much worse than others, and seasonal distribution, 
though following the same general pattern from year to year, often 
vaned widely Number of fires and area burned also proved to be 
unsatisfactory indexes of the danger prevailing, since both are mate- 
rially affected by chance and the effectivene^ of protec tive effort 
Re< ognition of the importance of weather as a factor m determin- 
ing danger next led to an attempt to rate it on the basis of current 
weather conditions Vanous weather elements were used as indica- 
tors All showed more or less correlation with fire danger, but 
none were entirely reliable Relative humidity was the most promis- 
ing and for a time was thought to be the solution of the problem 
Expenenee showed, however, that it could not be depended on to 
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give a true indication under all (onditionH Thin led to extensive 
fundamental research uito fire behavior and fire and weather rela- 
tionships 

Immediately the need for a specific scale of values with which 
Heather conditions and other factors could be correlated arose, for 
without such a standard we were in the position of a man trying to 
lift himself by his own bootstraps A partial solution of the difficulty 
was found in fuel moisture content, inasmuch as investigation showed 
that the moisture content of forest-fire fuels very largely determines 
the readiness with which they bum 

This led to the suggestion by 8 B Show that the direct measure- 
ment of fuel moisture content might serve to indicate tlie degree of 
fire danger prevailing Attention was therefore directed to devising 
a practicable method of determimng the moisture content of forest- 
fire fuels in place Vanous methods were developed, such as random 
sampling, {lenodic weighing, determination of electrical resistance, 
and the nae of duff hygrometers and of standardised wood samples 
or “fire-ha*ard indicator sticks,*' about which more will be said later 
It Has found, however, that fuel moisture content, though an ac- 
ceptable index of mfiammability, did not tell the whole story How 
to sample conditions adequately over any considerable area also 
presented a problem 


ELEMENTS OF PIB£ DANOER 

Briefly, fire danger very largely depends on the following factors 
character and amount of fuel present, topography, cover conditions, 
nsk or chance of fires starting, facilities for control, hazard or degree 
of inflammability prevailing, wind velocity, and visibility 

These may be divided into basic factors, which vary from place 
to place, but tend to remain constant, and variable factors, which 
change from day to day Though in rating fire danger ae are pn- 
manly interested m the vanable factors, since they are directly 
responsible for current danger, basic conditions must be taken into 
consideration because they affect the actual degree of danger re- 
sulting 


BASIC COKDlTlONa IN THE LAK|^ STATES 

In the Lake States the primary forest-fire fueb are grass, leaf 
litter, herbaceous vegetation, brush, and young second growth 
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While it IS tnie that slash, peat, and crown fires are common, fires 
for the most part start in grass or loaf fitter and are largely confined 
to the fuel types named 

Topography is a minor consideration, smee most of the area in 
need of protection is flat or only moderately broken, and slope, aspect, 
and elevation do not play the part in determining fire danger that 
tliey do m more rugged country More important is the matter of 
water Iciels, because under normal conditions lakes, streams, and 
swamps form barners to the spread of fires When, howevir, water 
le\tls are lowered by prolonged drought or drainage, swamps (onsti- 
tute one of our worst fire hasards 

The importance of cover isinditions will be apprec lated when it is 
realized that, on the average, lu Michigan 51 8 per cent of the area 
burned is nontimber(*d, 47 3 per cent is classed as second growth, 
and only 0 9 per cent as mere han table timber On the basis of area 
protected, the risk of burning (percentage burned over) is 0 04 per 
cent m the case of merchantable timber, 0 64 per cent for second 
growth, and 1 74 jier cent for nonforest land In other words, the 
( hance or risk of nontimbered areas burning is forty-three times that 
of men han table timber or nearly three times that of second growth 
1 he importance of this is empliasized by the fact that the bulk of 
the area under protection has been cut over and is now either non- 
timbered or in second growth 

Another important consideration is that m the Lake States re gion 
fire danger is normally mtennittent and confined to relatively short 
periods between rains 

Risk of fires starting and facilities for control, though imixirtant 
elements in an appraisal of danger, need not be considered here 

HAZARD OR INFLAMMABILITY 

Ab pointed out, the inflammability of forest-firo fuels is largely 
determined by their moisture content At moisture contents above 
25 per cent most fuels are nonmfiammable, that is to say, they will 
not burn Under normal conditAons Below 25 per cent they become 
increasingly inflammable 

Thoroughly saturated forest-fire fuels may contain as much &sr 
three tunes their dry weight of water, air-diy fuels, as little as 2 or 3* 
per cent In the absence of free moisture wet fuels tend to dry oui 
until their moisture content is in equilibrium with that of the air 
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At UK) per cent relative humidity the moisture content of forest-fire 
fuels in equilibrium with the air is only about 30 to 40 p>er cent Tins 
explains why wet fuels dry out even though the humidity remains 
high, also why high humidity alone renders air-dry fuels only shghtly 
nomnfiammabie Below 30 per cent the moisturt content of forest- 
fire futls tends to remain in tquilibrium with relative humidity, 
increasing if the humidity rises and decreasing if it falls 

The chief source of fuil moisture is precipitation, hence the 
oicurrcnce and the amount of precipitation have an important bear- 
ing on fire danger As a rule, 0 2 of an inch of ram is sufficient to 
extingiush going fires and to render forest-fire fuels m general non- 
lufiamiiuible Less than 0 2 of an inch of ram affords only partial or 
temporary relief On the other hand, rains of more than half an 
inch do not prolong the period of noninflaramabihty of light finis 
appreciably, although they tend to reduce the fire danger by increas- 
ing soil moisture and raising water levels 

1 he manner in whu h rain falls is also significant Light rams of 
considerable duration or ixcurnng at frequent intervals often are 
more effective than is the same amount of precipitation confined to a 
short period, sin( o mu( h of the latter runs off or soaks into the ground 
before tin fuels can absorb it 

The rate and the extent of drying out of forest-fire fuels depends 
on several factors, chief among which are the character of the fuels, 
the degree to which they are shaded or protected from sun or wind , 
and current weather conditions 

Studies at Roscommon show that, on the average, light fuels in 
the open dry out to the point of inflammability within twenty-four 
hours of the time rain ceasea, but that three days are normally re- 
quired after effective rams for the top inch of Utter to become air- 
dry Under a cover of jack pine, however, a period of from two to 
three days is required for litter to become inflammable and from 
four to five days or longer for it to reach equilibrium with the air 
Heavy fuels and fuels under hardwood cover dry out still more slowly 

Another point to be noted m this connection is that fuels m the 
forest seldom if ever become as dry as they do m the open, the extent 
of drying depending on the character and the density of the forest 
canopy The effectiveness of forest cover m retardmg and limiting 
drying drops rapidly, however, with a decrease in crown density, and 
IS negligible m open stands 
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DETERMINATION OF HA7AliD Ott INFLAMMABll m 

If fore8t-fire furls wore uniform and were uniformly distributed 
and exposed, the determination of fire hazard by the <lirect measure- 
ment of fuel mousture content would be a comparatively simple 
matter Sinoe they are not uniform and are anything but uniformly 
distributed and exposed, the best that can l>e done by the direct 
measuremt nt of fuel moisture is to determine the inflammability of 
typical fuels under specifie exiiosures 

The moisture content of very light or flash fuels, such as tret 
moss and dead grass, can be approximated from relative humidity, 
because they tend to remain in equilibrium with air moisture 
Heavier fuels, howevc r, respond more slowly, and hence call for other 
methods of moisture determination The simplest means of deter- 
mining the moisture contc nt of moderattly light fuel, such as duff and 
leaf litter, is the duff hygrometer, of heavier fuels, such as dead 
branches, slash, etc , huard indicator sticks or standardized wood 
samples of various sizes and known dry weight Still heavier fuels, 
such as logs and snags, must tie actually sampled or their mcnaturt 
content dc termuu d by means of elec tncal or other devices such as 
arc used with lumlier 

Fire danger begins when light or flash fuels become inflammable, 
and increases as tht heavier fuels, wcxided anas, and swamps dry 
out I-*ight fuels and exposed areas, howc v er, dry out rapidly and 
reach maximum inflammability m a comparatively short time, 
whereas heavy fuels, wooded areas, and swamps take much longer 
Therefore no one type of fuel or single exposure will gut more than 
an indication of the hazard prevailing over any eon'<iderabIe area 
A variety of fuels and exposures must be sampled to get a complete 
picture The practical limitations to rating hazard by the direct 
determination of fuel moisture are therefore obvious Where tlus 
method is used measurements are usually limited to more or lews 
fully exjwsed litter and to wood samples corresponding to slash or 
to branch wood , in other words, to the fuels and exposures in which 
fires most commonly start and spread This serves to indicate when 
fires of consequence are hkcly to start and, for the fuels and exposure 
in question, the degree of hazard prevailing It fails, however, to 
indicate the condition of heavier fuels and more protected areas 

The alternative to depending on a necessanly limited number of 
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diTert fuel-moisttire njea«urement8 for an index of hazard !«■ to 
determine expenmentally the combined effert of the vanouH weathi r 
fa( tors on fuel-mowturr content and to uw* weather < onditiouK an an 
index Simple and multiple eorrtlations of various weather factora 
With fuel moisture, both m the open and under forest cover, indicate 
that wet-bulb depreaaion is the best single index of litter moisture, 
but that a combination of amount of preeipitation, days since ram, 
minimum relative humidity, and maximum temperature give the 
highest correlation On this basis tables have been worked out that 
indieate the hazard normally prevailing under any probable combi- 
nation of thei«e factors This method of hazard determination also 
has its limitations, but since weather conditions are readily de- 
termined and are uniform over a eonsiderablo area it has compensat- 
ing advantages 

WIND VELOCITY AND VISIBII ITY 

The hazard prevailing having been determined, the effect of 
(urrent wind velocity and visibility remain to be taken into con- 
Hidt ration in arriving at the degree of fire danger prevailing, for 
wind velocity largely determmes rate of spread, and visibility the 
promptness of discovery — and hence the size of fires when reached 

The extent to which wind velocity affects fire danger has not 
as yet been precisely determined, nor has a wholly satisfactory way of 
measuring and rating visibility been achieved Progi^^ has been 
made, however, m both these ciireetions, and the influence of these 
factors can bo approximated 

RATING HRF DANGER 

The final step m rating fire danger is to coordinate the factors 
discussed m such a way that their combincnl effect can be expressed 
in units indicative of fire danger For this purpose an arbitrary scale 
of danger values has been adopted, baaed on the intensity of pro- 
tective effort called for For convenience in averaging results they 
have been numbered from 1 to 7 They are defined as follows 

1 None — Fires will not start from a match or spread beyond 
the beat of a campfire or burning brush pile, though m peat and 
in rotten logs and snags will continue to smolder 

No men needed specifically on fire control except to mop Up fires 
that may be smoldering 



331 


Raityig of Forest-Ftre Danger 

2 Very low — Fires wzJl start from an open flame and from un* 
trenched camp and brush fires, but spread slowly and tend to go out 
of themselves 

Man lookouts covering areas of special danger, such as slash 
an aa, an as where land-cleanng operations are m progress, intensively 
used recreation areas, etc 

3 IjOW — Fires will start fmm a lighted match and will spread 
(rapidly in dead grass, more slowly m heavier fuels) until cxtinguislied 

Man pninary lookouts and keep regular protection force withm 
call 

4 Moderate — Jbires start readily from a match, burn briskly, 
and tend to spread rapidly as they inert ase in size Peat fin s t end 
to develop into surfatt fires at the higher wind velotitits 

Man secondary lookouts when visibility is low Hold regular 
protection force for unmediate action on fins as reported Keep 
secondary force within call 

6 High — Fin s start readily from a match or glowing < indt rs, 
spread rapidly, and tend to trown m young growth 

Hold regular and secondary protection force for immediate action 
Notify reserve force to lx ready on call 

6 Very high — Fires will start from a cigarette butt or s^iarks, 
sproad rapidly, and tend to crown generally Spot fires common 

Man all emergency stations Mobilize entire protection force 
for immediate action, provide additional overhead if conditions 
threaten to remam bad, and call for volunteers or supplemental out- 
side help to be ready if needed 

7 Etireme — Explosive conditions Fires start readily from 
sparks, bum fiercely, crown generally, and are all but uncontrollable 

Mobilize supplemental overhead and take other action called for 
m overload plan 

The actual oodrdmation of hazard, wind velocity, and visibility 
with the scale of danger values adopted is a matter of experience 
and judgment based on detailed observations extending over several 
seasons and on an analysis of available fire reports Though < s- 
sentially empmcal, the result# secured have been a vast improve- 
ment on in^vidual personal judgment For convenience, danger 
meters have been devised by which the vanous factors considered 
can be correlated m6chanie4iUy and their combined effect^ in terms 
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of danger determnud The use of suih a guide not only insures the 
uniform interpretation of eonditions pr(\ailmg but enables an in- 
experienced man to arn\e at a sound estimate of danger 

Obviously, the last word in regard to measuring fire danger has 
not yet been said, and much remains to be learned before all the 
difficulties ( an be wholly solved 

No attempt has betn made in the present paper to do more than 
outline the problem, the. me thotl of attae k, and the progress that has 
been inaeie The subjee t is a comple x one, and it is probable that 
there ls no precise solution If, howexer, a method of rating hre 
danger can be devised that will enable forest officers to judge con- 
ditions more accurately than in the past, the effort ex|)emltd in this 
dm ction will not have been wasti d 

PoBEBT Service Department or Agriculture 
Lake States Iorkst Experiment Station 
University Farm, St Paul, Minnesota 



DIAGNOSING PLANTATION MORTALITY 


PAUL O RUDOI^ 

T HIj determination of cauf 40 ‘< of Iosh in forest plantations may 
seem at first sight to be of somewhat aeadunu value How- 
ever, such an analysis yields much more important information tliau 
the mere knowledge of the proportionate loJe whuh various fa<taiN 
play in nduemg the success of plantations Just as ilassifications 
of human mortality by the medical profession indnate htlds where 
particular dangers he and where knowledge and technique are defi- 
rient, so may studios of plantation mortality give warning of similar 
weaknesses and point out strati gi( positions for attacking planting 
problems 

In most survival t xanunations of forest plantations some attempts 
are made to list causes of loss Often the differentiation is based 
merely on an ocular estimate At other timea a eonscuntious tffoit 
IS put forth to classify causes of loss foi each nonsiirviving tret 
However, liecause of the great variation in conditions eiuountered 
throughout any broad region and the fact that men with compara- 
tively little planting expenence commonly do the examining, these 
classifications have frequently been of somewhat general valu< only 
and, as a matter of fac t, have been put to little use 

BOMB PAST DIAGNOSES 

In his study of plantations throughout the northern Lake States 
conducted m 1924 J Kittredge ^ classified the causes of loss ui this 
region, tn order of importance, as follows fire, drought, heat, frccs- 
mg, animals, insects, fungi, poor stock and planting, and competition 
Such a classification is of value from a broad regional standpoint, 
but for individual planting operations more detailed data particularly 
applicable to the locality in question are necessary 

As a part of the comprehensive plantmg experiment conducted 
by the Lake States Forest Experiment Station on the Huron Na- 

^ '*For«8t Planting in the Lake States/* U S D A t l>$partme^ BulUitn 
tm ifK99 
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tional Forest, annuaJ plantation examinations have been made since 
1932, in each of which causes of mortahty have betn listed after 
careful examination in the field 

To understand more clearly the results of these studies which refer 
particularly to the Huron National Forest, a brief history of planting 

CAUSES or LOSS 

tm PLANTINCS^ SUBJecr TO S€)/£AE DROUGHT Of f933 
srvcffr WNTER 1933 54 ANO MOOCRATf PROUGHT Of mSA 
m3 PLANTINGS ^ SUBJECT TO SEVERE WINTER Of /553-J4 
AND MODERATE DROUGHT Of 1934 
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PiQ 1 Comp&HaonB of cauaoB of low in forest plantatiuiw eeiabliBhed in 

1932 and 1933 

in that locality is presented here This forest, which is m Crawford, 
Iosco, Ogemaw, and Oscoda counties, Michigan, was established m 
1909 upon an area, essentially sand plain in character, which had 
been logged off and repeatedly burned over Reforestation was es- 
tablished as a major activity early m its existence Beginning m 
1911, forest planting has been earned out annually upon an mcreasing 
«t4ile Large plantations involving 10,000 acres yearly were already 
being established here before the advent of the emergency programs 
in 1933 To date something over 100,000 acres have been planted 
on this forest 
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The examinatiouH made on the expenmental plantuigs induatc 
both a great \ anatton from year to year in the part played by diverne 
factors of loss and also gi\(. some hint as to the comparative resist- 
ance to these same factors of several sp<cie8 and tlassts of stock 

Figure 1 gives an example of the type of mortality data eolleoted 
Results for two dry years, differing considerably in precipitation and 
temperature, are represented It will be noted that thi importance 
of the various factors of loss shifted markedly m the two years For 
the severe drought year 1933, 87 per lent of the mortality is attnb- 
utable to drought and heat, with several other factors accounting for 
the balance For the moderate drought year 1932, on the other hand, 
no one cause of loss stands out with such prominence 

PRESENT MORTALITY STUDY 

In order to secure even more spceifie data and particularly to 
obt£un some more definite knowledge of the part winch root form and 
development play m such losses and the proportion of loss directly 
attributable to heat, a sjiecial study * was conducted in the fall of 
1936, after the very severe drought of that year It was launchc d at 
that time so as to take advantage of the abundant chnual material 
a\ailabie before disintegration made accurate diagnosis impossible 
In fac t, conditions were so severe m 1936 that many of the relation- 
ships investigated were obscured Heat and drought were ho intense 
m many places that sturdy, well-planted trees died as well as poor 
trees 

This study involved exc^avation and a careful cxanunation of root 
systeniH of some 5,200 trees in 26 plantations Actual causc^ of loss 
and kind of cover were tallied, soil pH and colloid content were de- 
termined, and the root systems were classified in three categones 
properly planted, slightly deformed, and badly deformed Although 
all possible information has not yet been extracted from this study, 
some interesting facts are already evident Statistical analysis of a 
number of the data (see Table I) ’ brought out the following facts 

1 The relationship between root form and mortality (deter- 
mined by Fisher’s ‘’Z*^ test), generally speaking, is not significant 
Only one out of ten jack-pme i^antations and four out of fifteen 

* This study has been earned out cooperatively by the bake States Forest 
Experiment Station and the Huron National Forest 

* Only pari of the results of this atudy Is included m this paper 
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Nornay-pUK plantations showed a significant rflationshtp bctwien 
thcsf fa(tor'< This relationship is strengthened, howtver, when 
records of trees with roots (ramped into a singh plant au sorted 
out of the data (results not given lure) 

2 Heat playtd a inajoi r61e in n dining plantation suivival dur- 
ing 1^36, with drouglit accounting for most of tin nst of tht loss 
In the ten ja<k-pm< plantations avdaging only two and out -half 
yt ars in age from sts d, heat t aused nt arly 74 p« r f t nt of thf mortality, 
drought 26 jier cent, and otlui fat tors a lughgihlo amount l^or the 
fifteen Norway-pine plantations whuh aveiagt marly seven ytars 
m age from seed, htat caused nearly 58 ptr ttnt of tht loss, drought 
41 per cent, and tdhtr factors 1 per cent Ihe lower htuf loss for 
Norway pine was apparently due to tht greater average age of Ha 
trees and the slightly more abundant (over protee ting them 

Heat injury was evident m the field by the distolored rmg of 
“(ookeal” tambium femnd on the smaller trees, usually within one 
uuh of the sod surf ate In a few eases sueli “tic ad'’ trees we re found 
whuh still had live roots Tlie heat was ntd intense enough to bring 
about girdling of larger trees (over one-half inch in diameter at the 
root collar), but did cause lesions on the southwe ste ily sides of many 
such trees which are still living, as well as on those which finally sue- 
( limbed to drought Pre vious laboratory tests matle at the Lxpe n- 
inent Station have proved that twei-hour extiosurts to tempe^ratures 
of 135® F are lettml for 2-2 Norway- and white-pme stoe k Tlie r- 
mograph records taken on the Huron National Forest exfRrimentHl 
plots during 1936 showed a new maximum tempe^rature of 175® h 
at the sod surface ui the open and eine ree ord of e ight and one-half 
eemsecutive hours with temi>eratures above 130® F This definitely 
indicates tliat the possibilities of tremendous heat damage were pres- 
e nt Soil moisture samples taken throughout the year also showed 
that there was sufficient moisture deficiency to bring about death in 
several localities 

3 Neither sod pH nor colloidal content, as determined with the 
testing kit used on the national forests, exhibits significant correla- 
tion with survival Samples taken from holes which were left after 
excavating an equal number of dead and live trees were test(d and 
gave only slightly different average values for dead and live trees 
for both Norway and jack pine When Fisher’s “t” test was used, 
these differene es were shown to be insignificant 
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4 On the average, the trees which died during 1936 were smaller 
and had less vigorous root development than those which lived (see 
Plate 1) Physical measurement of root extent and shoot length 
and scale drawing of the root systems made in the field clarify this 
statement 


flOMla PRAOnCAL CONCLUSIONS 

Although it has been impossible to present the complete analysis 
of the special mortality study here, the facts which have been brought 
out point to certain practical conclusions The greater tendency of 
smaller trees, especially those with deficient root systems, to die in* 
dicates the use of larger, bettcr^developed planting stock to improve 
survival The large part of mortality caused by heat mditates sev- 
eral pomts (1) use of larger stock, (2) curtailment of planting m 
large openings, and (3) the use of protective cover, either natural or 
artificial, to reduce surface soil temperatures Under conditions 
represented by the Huron National Forest, such slight differences 
as there are m soil pH and colloidal content may be disregarded so 
far as any effects on survival are concerned 

Fonasr SKSvicii, DspARTtoucr or AoaionuiJBa 
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AN INTRODUCTION TO THE STUDY OF 
TIMBER QUALITY IN LAKE 
STATES HARDWOODS 

HLNRY G WHITE 

C URRENT interest m forest management, on more than a purely 
Hcholaatic basis, has brought to attention the need for accurate 
and selective measures of timber quality and value Selective or 
partial logging, particularly, as a practical means of obtaining a sus- 
tained )neld from the forest, has made foresters think in hnancial 
terras rather than m terms of theoretical silvicultural systems The 
forest manager, like any other business executive, vvants to know the 
quality and the value of the timber which is the capital of his enter- 
prise, and he wants to know the value of the products of the forest 
So long as clear-cutting methods of exploitation prevail, the board 
measure and a roughly estimated cull factor serve reasonably well in 
dctentuning the net merchantable volume of any particular stand of 
timber For determining quality and value the mill run of each 
species serves the purpose But for the determination of the value 
of selectively or partially cut timber on the basis cither of its cur- 
rent stumpage pnce or of potential growth no accurate method has 
been available Obviously, woods-run values based on clear-cutting 
cannot fairly be applied to remaining timber, whatever the nature 
of the partial cuttmg If a light selective cutting has been care- 
fully made under stnct m^kmg practice, removing only the de- 
fective and the overmature trees, the residual timber may very 
possibly be worth more than average log-run values would Indicate 
On the other hand, if Uie ^‘cream^* of the timber has been removed, 
leaving the trees of poorer quality and less valuable species, then 
a purchaser of the stumpage would be paymg too much if he used 
a log-run pne^ scale 

In the past, studies have been made of variations in loggmg and 
nulling costs and selling prices according to tree and log sise, ^ but 

‘ Zont Raphael, and Oanreri B X) ^ ''Sedeotivs Logging In the Northern 
Hardwoods of the Lake States,** U 8 D A fedt RuR, No 101 
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Selective cuttings in a typical mured hardwood <tand in upper Michigan 
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htoauHO of vanations in loR quality \Mthm tach trco and log-diametrr 
class it would be dangerous to apply these results to tulle d-over or 
selectively tut timber Figure 1 will perhaps tlanfy this situa- 
tion It shows a hypothetical distribution of tree quality to di- 
ameter (lasses? m a typical northern hardvood stand, the lower 
white part of the area below tin i ur\e representing trees of the poor- 
(st quality, the central shaded part, trees of nndium quality, and 
tin black upper margin, the tr< es containing th< b< st quality of logs 
(Sec PI I for a picture of a typical stand of hardwood timber in 
the Upper Peninsula of Michigan ) 

If this stand of timber is to be partially (ut, the solid blaik line 
shows the result of a wleetue cutting to a fixed diami t< r limit , that 
iH, the area to the right of this line will be cut and the rt maindor will 
be left standing Tht dotted line shows a Hclecti\o (uttmg to a flex- 
ible diameter limit, the dashed line, a cutting which has harvested 
the cream of the timber Each cut would rcmo\c approximately an 
equal volume of timber from the stand But, as compared with the 
first cutting, the selectivt cutting to a flexible diameter limit has 
harvested poor-quality trees m place of the more vigorous growing 
stock between 21 and 25 inches in diameter The “ creaming cut, 
on the other hand, leaves nothing but trcjes of poorer quality 
Obviously, any financial calculations based on these cuttings which 
dti not take cognizance of such variations m quality of primary cut 
and residual timber will go far wrong 

The need for some means of measuring quality of timlicr is further 
witnessed by efforts to calculate growth in selectively logged stands 
So far it has been jxihsible to measure acceleration only m gross and 
net growth On the basis of stimulated growth a reasonably good 
ease for selective logging has been built up If it can be demon- 
strated that selective cutting brings an c'ven larger increment in 
quality and \aluc of growth, then the arguments for this form cjf 
management will l>e more persuasive Data of this sort will also 
Ht rve as a guide in marking for selective c uttmg 

These ideas art not entirely new They have Ikhii studied for 
softwood timber in the west for several years That hardwoods are 
more variable in quality and have defects which an* more difficult to 
appraise should be no deterrent In fac t, the wide range of values 
between grades of hardwood lumber makes grading of log quality 
even more essential 
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LOG-GRADING SYSTEM USED ON Foul'll SURVEY 

1 o meet the n<*ed for some measure of timber quality log spen- 
ficatioiiH were set up for use in connection with the Forest Survey of 
the Iwake States ^ These specifications dts* nbe three log grades 
As IS common with such specifications, the descriptive diHtin(tions 
between log grades arc based on two very different types of observa- 
tions first, on the size and the external appearance of the log, par- 
ticularly the character and the jKisition of defects (see Pis II-III), 
second, on the output of tlu log, that is, the percentage of the log 
that will saw out merchantable lumber and the percentage of the 
lumber output that will grade No 1 Common or better 

These two sets of specifications are quite different m their appli- 
cation The first method of description h a matter of observation 
and can be more easily applied by a comparatively inexpenenced 
forester The second is a matter of expenence and is of less use to 
an inexpcnenc^d cruiser The percent/ago of sound wood can be 
scaled according to standard stealing practice, but the quahty of 
lumber output, No I Common or better, c-an be only roughly esti- 
mated even by an experienced woodsman Quahty of output does, 
however, serve as a ready (heck for the experienced grader The 
im xperienced cruiser had best adhere rather ngidly to the minimum 
standards for each log grade as to sue and allowable defects 

'Fhe exact log-grade specificAtions used on the For^i^ Survey are 
appended to this discussion In bnef, they are as follows 

No 1 logs must be at least 12 feet long and 12 inches m diameter 
inside the bark at the small end One to three standard defects arc 
allowed for rot or other cull, or 10 to 2Q per cent deduction frmn the 
gross scale, the vanatiou depending on the size of the log A stand- 
ard defect IS defined as '^one sound, bnj^t knot with a maximum 
diameter of not more than three inches, or its equivalent m damage 
to the product of the log No 1 logs must saw out 60 per cent or 
more of No 1 Commctfi or better 

No g logs must generally be at least 10 feet long and 8 inches in 
diameter inside the bark at the small end An exception to these 
size requirements is permitted m a few of the best 8-foot cuts 10 
inches m diameter, which, like all longer logs less than 10 inches in 

* Carried on hy the Lftke States Forest Experiment Station, University 
Farm, St Paul, Minnesota 
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diameter, must be surf at e-dear, straight, and sound Larger logs 
are permitted up to three standard defects As to lumber output, 
No 2 logs must cut out 75 pt r cent sound, of whu h 30 pc r cent must 
be No 1 Common or better 

No 3 logs include all other logs suitable for ties, timber, or low- 
grade lumber For most species the minimum sixe requirements are 
8-foot length and 8-inoh diameter These logs >m 1I generally t ut out 
50 per cent sound Average timlier in the class will, perhaps, grade 
10 per cent No I Common or better although tins amount will vary 
with tlu utilisation standards on the particular operation 

The appluatum of log-grade sfiecifiiations is not without pitfalls 
There is admitted nsk of variation in application However, this 
doc'K not invalidate the system, it merely makes cartful adherence 
to specifications essential 

AVlfRAGlC QUALITY OF LAKK STATES HARDWOOD TIMBER 
AS DETERMINED OK THE FOREST SURVEY 

On the Forest Survey of the Upper Peninsula of Michigan sample 
trees were graded according to these log specifications The results 
for sugar maple, yellow birch, basswood, and elm are presented here 
by diameter and |>erceutage of the net volume (see the graphs, 
Fig 2, p 344) The black part of the graph shows the jiercentage of 
the volume which graded No 1 The shaded arc^a between the lower 
and the upper curves represents the portion of the volume which 
graded No 2 logs The area between the upper curve and 100 per 
cent (unshaded) is the volume of No 3 logs — the logs of poorest 
quahty and lowest value 

These curves bnng out the variation m percentage of log grades 
with siae and wnth age of tree For sugar maple the maximum ui 
log quahty is reached at about 26 inches diameter breast high, and 
from that pomt onward the quality of the timber decreases For 
yellow birch, basswood, and elm the general trends are wnuiar, al- 
though, of course, with variations 

Weighted by the Forest Survey total inventory \olumes (net) 
sugar maple in upper Michigan is found to average 31 per cent No I 
logs, 46 per cent No 2 togs, and 23 per cent No 3 logs Yellow bircht 
basswood, and elm grade somewhat higher m average quality , beec h, 
aspen, red maple, oaks, and other hardwoods average lower in qu^- 
ity (see Fig 3, p 344, and Table I) 
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SUGAR MAPLE YELLOW BIRCH 



Fia 2 (Quality of hardwoiKl timber m tlie Upper Peiuiiaultt of Michigan 
1 he graphs show Uu proportion of log grades by D B H dosses for printipai 
species 
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Fio 3 Proportion of logs in total merobaotable volume 
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TABLK I 


Avkraqe Quality of Hardwood Timbkr in UiPhR MiriiiOAN 


SpCClOB 

Pereentagp of net volume 

No 1 logs 

No 2 logs 

No 3 logs 

Sugar maple 

31 

46 

23 

Yellow birch 

39 

41 

20 

Basewood 

53 

31 

16 

Elm 

36 

47 

17 

Beech 

20 

55 

25 

Aspen 

7 

31 

62 

Hod maple 

12 

49 

39 

Oaks 

30 

36 

34 

Other faardwoodfl 

13 

47 

40 


The contraKt between sugar maple, yellow birch, bahswood, and 
elm rheckid reasonably well with mill-mn averages for larger hard- 
wood mills in Michigan and Wisconsin This check was made by 
assuming that No 1 logs will (ut out 60 per cent No 1 Common or 
better, No 2, 30 ix?r cent, and No 3, 10 per tent 

The contrast in avtragt quality of hardwood timlier m upper 
Michigan with that m Minnesota is very marked (see Fig 4, p 346) 
Naturally the quality of hardwootl timber in Minnesota woodlots 
IS considerably poorer than that of the virgin or stmi virgin hard- 
wockIs of Michigan 


TABLE II 

Averaob Qvaiitt or Hardwood Timber in Minnesota 


Species 

Percentage of net volume 

No 1 logs 

No 2 logs 

No 3 logs 

Sugar maple 

21 

43 

36 

Hm 

12 

45 

43 

Basswood 

16 

64 

30 

Aspen 

6 

64 

41 

Other hardwoods 

7 

44 

49 


The figures above carry the story of hardwood log grading about as 
far as the progress of present work justifies A need has been felt for 
a measure of timber quality, log specifications have been set up and 
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put to practical uho The next step is the U stmg of their correlation 
with log output and valuci and the setting of average output and 
values for the specifications Thtse problems are being attacked m 
a logging and milling study earned on in eoo|>eration inith other 
branches of the Forest Servue * Ihe results will be available m the 
ne4ir future They should throw some clean r light on the matter of 
vanation m log quality and value, and should bi of very consider- 
able use m further analysis of the econoinn asp< ( ta of selective log- 
ging With lumber values ranging from ov< r $76 per thousand 
board feet for Firsts and Seconds hard maple to $17 for No 3 Com- 
mon, a No 1 log of given diameter may produiv two or three times 
the value of lumber that a No 3 log will produce Tht^se dilTer- 
enct 8 m value should no longer bt ignored 

Another matter, which then w no space to discuss, is the prac- 
tical appheation of log grades It should be possible to dtvflop a 
system for grading the standing tree as a unit If there is suffic lent 
(orrelation between tret quality and log quality a table of tree out- 
put and values t an Iw dt veloped Such a table ivould be particularly 
ufit ful on smaller cruising jobs where grading of logs m sample trees 
is not ft asible 

For the present it is hoped that the log grades which are ap- 
I>ondf d to this discussion will find wide enough use to justify further 
study of their nature and value 

FORBST SXKVICB, DnCARTUENT OF AqRIOULTVHE 
Imkb Statbs Iorbst Experiment drATioN 
St Paui, Minnesota 


APPENDIX 

LOG QUAPKS U6K1> in forest survey of IHF LAKF STATES 

(Hardwoods only) 

No 1 logs 12- to IS-foot logs — 12 inches or more in <tiameter mside bark 
at small end Logs li to 14 inches permit one standard defect or equivalent and 
20 per cent heart rot, those 14 to 17 inohes, two standard defects and 26 per 
cent heart rot, those 17 inches and over, three standard defetts and hollow, 
rotten, or shaky hearts up to 20 per cent of diameter Logs of this grade should 
cut 00 per cent or more of No 1 Common and better, or should be suitable for^ 
veneer logs. 

' Forest Products Ijaboratory, Madison, Wisconsin, and Regional Office, 
U 8. Forest dervioe, Milwaukee, Wisconsin 
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No 2 luge 8-foot logs — 10 inches or mure in diameter inside bark at small 
end no defects 10- to 10-foot logs — 8 inches and over inside bark at small 
end AU logs lees than 10 inches to be Burfaoe-clear» straight, and sound Those 
10 inches and over must be reasonably straight, not more than 8 inches sweep m 
16 feet, and must have at least 6 Inches of sound wood around any hollow rot or 
shake One tight seam not diyei:ging more than 4 inches from end to end is per- 
mitted, and up to three standard defects Should be 75 per cent sound and cut 
30 per oent or more No 1 Common or better 

No 3 logs 8- to 16-foot logs — 8 inches or more m diameter inside bark at 
small end Should be suitable for the production of ties, timbers, and low-grade 
lumber suitable for the manufacture of boxes and crates These logs should 
correspond closely with the poorest logs now bemg utihsed by good operators 
in the region concerned They should ^ 60 per cent or mure sound 

A standard defect is defined as one sound, bright knot with a maximum 
diameter of not more than 3 inches, or its equivalent In damage to the product 
of tlie log 

Note on grading logs Sugar maple, yellow bireh, basswood, elm, and white 
ash found in this region usually saw out better than they look On the other 
hand, red maple, aspen, black ash, hooch, and scrub oak usually open up worse 
than the surface defects would indicate. For these reasons the logs in the first 
group should be graded up and those m the second should be gradcKl down 
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1 la 2 HhkI tnupU bucked, in thi forcKiound ( cmtamK a cull butt four 
feet loiiR u No 1 log a No 2 log and a mil wction tn tin' top (not 
utiluod) 





SOME ASPECTS OF THE URBAN GEOG- 
RAPHY OF SYRACTJSR 

LRIC n lAICiIE 


1 0( ATION 

T UF Io( ation of Syracunc at an intt rnt ( tion of important i atst-wost 
and north south rout(s ban beta of great Hignifuanu in its do- 
vdojnnent Tht Iroquois foilo^^td these routes jn (oming to their 
( ouneil fire s, whi< h w< re held near the site of tlio present ( ity Along 



the old Indian trails ( anie tb( white man and, at the junction of the 
two great routes, established the trading post which wan later to 
develop into the city of Syracuse Since that tune transportation by 
water, rad, and highway has been an important factor in its growth 
1 - 2 ) 
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Fig 2 


SUllFACB CON FIO\J RATION 

This crossing of natural lines of travel can be understood more 
clearly through a (onsidcration of the situation of Syracuse with 
reference to the larger surface features of New York State ^ (Fig 3) 
Syracuse bes on the border of the Lake Flams and the Allegheny 
Plateau, near the western end of the Mohawk Corridor The north- 
ernmost spurs of the Allegheny Plateau are uneven^ hilly, and broken, 
and are characterised by outliers and drumlms High dividmg 
ndges with deep valleys, in some places several miles wide, extend m 
a general north-south direction across the plateau A number of 
glanal cross channels cut through the ndges Southwest of Syracuse 
the valleys are occupied by the Finger Lakes The position of these 
lakes and the hilly character of the plateau aided in focusing routes 
on Syracuse * 

> Tarr, Ralph 6 Phyetcai Otoyraphy y^rk S(ai«^ London, 1902 

* Miller, William J , **Qeological History of New York State/* BvXU New 
Yorii; iSlole ATuseum, No i0S Albany, 1918 
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Eajtt of Syradi^ie th<* Mohawk Valley, lying Ijetwten the Adiron- 
dack Mountains on the north and the Allegheny Plateau and the 
CatskiU Mountains on tlie south, forms a great natural gateway 
which affords an easy means of communuation between the rtgions 
west of the Appalachian Mountains and the Atlantn seaboani 

EARLY GROWTH 

When the occupance of the site began the settlement ga\c little 
pronuse of developing into a thnvmg community The site was low, 
swampy, and uninviting Its water power was of a very limited 
amount and unimportant * However, its hub character outweighed 
these obstai les (Fig 4, p 362) 

The early roads and, later, the Ene and the Oswego canals pl^<i 
through the village With the completion of the Ene Canal ui )826 
the growth of the village received remarkable impetus (Pig 6, p ^3) 

Syracuse began to re^p the benefits of shipping along the canal 
» dark, J V H f Onondaga (Syraouse, 1849), II 11 
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and soon drfw around it« shipping warchoustH the population and 
tradi previously Hharod by platia off thi canal line Bttwien the 
years 1820 and J830 the population of the town ini nased 282 iier rent 
(Fig 6, p 364) 

Cheap transi>ortatioii made poHsible the development of the salt 
industry, a natural rewourte of great importance * 

Central location, good transportation facilities, and the develop- 
ment of the salt mduBtry were the factors which had the greatest 
effect on the early growth of Syracuse * (Figs 7-9, pp 366-357) 

* Hopkins, Thomas C , “The Gtolc^ of the SyracuBe Quadrangle/’ Bull 
New York State Museum, No 171, pp 31-34 Albany, 1014 

* Bruoc, Dwight H , Orumdaga^e CerUmmol, I 300-405 
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FUNDAMENTALS OF THL UUHAN SfENF I ANDFOHMS 

The arranfcement of surface ffatures in tin \uimty of Hyracuw 
has l>een fundamental in the de\tlopment of the pre«nt-day urban 
scene The center of the city lies at the junction of Ononclaga Valley 
and a glanal cross channel Much of the low-lying flat laud m the 
( ity IS found eithe r m tho valley or ui the e ross i hannt 1, which affords 
easy routes from one valley to the other These io>\ lands have lie- 
(ome the industrial and commercial areas 

The flat land of the valley is surrounded by the extensions of the 
plateau m tho form of island land masses teipped by drumhns and 
separated from the plat*eau by etuit-w<st glaeial (hannds For the 
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mo8t part these hij^er areas are occupied by residence distncts, the 
University campus^ parks, cemetenes, and reservoirs 

Most important to Syracuse is the large channel m the north- 
eastern part of the present city Through it came the turnpikes, the 
Ene Canal, and the first railroad Had it not been for this gap, they 
would have passed to the north, around the edge of the plateau, and 
Syracuse would m all probability have grown up on the northern 
rather than on the southern shore of Onondaga Lake 

In the soutbeastem part of the city the Delaware, Lackawanna, 
and Western Railroad and the highways use the easy route of another 
cross channel to get from Onondaga Valley to Butternut Volley 
(Pig 10, p 3«8) 
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1- Id 7 Syracuse in 1860 

THIS DEVELOPMEISl Or THE PHE8LN T INDU8TKIAL NUCLEUS 

Out of the salt industry developed the vaned industrial complex of 
present-day Syracuse The reservation by the state for salt manu- 
facture of a great tract of land in the northwestern part of the city 
preserved an area well adapted to mdustnal uses When in 1895 the 
state authorized the sale of the salt lands^ the manufacturers took 
advantage of low pnees, convenient location, and proximiQr to rail- 
road lines to build up a factory section * 

Before the salt lands were developed into an industrial nuK^us 
industries were scattered along the lines of the vanous transportation 
agencies This gives the present mdustnal area an octopus-likc 
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»pf>Cttraj]Cf , with trntmlew extending in s( viral dinetions (lug Jl, 
facing p 358) 

The lands now devoted to industrial uses have an approximate 
HK a of 1,725 a( n s Of this amount about 533 acres are located within 
the political limits of the city, and 1,192 an outside and adjacent to 
the c ity • Industrial lands, for the most part, have a slope of lens than 
one per cent 

THb PATTERN OF CIRCULATION 


The industrial area of Syracuse is closely articulated to the rail- 
roads Eight hundred and se\ entecn acres, or seven per cent of the 

• From figures compiled by the City HJngmeer's Office, Syracuse, New York 
Courtesy of Mr J Wum 
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total develojx^d aroa, w in railroad landf<, which whow an uitcrosting 
rolattonHhip to the surface (x>afigumtion ^ These are on the low lands 
of the city and, like tJie industrial lands, have a gradic nt of kss than 
one p< r cent 

The present-day street pattern r(Hult'< from the combination of 
several villages, each of which had its own strict pattern This 
combination makes rectangular patterns, which gives the appearance 
of cards lifted up, shuffled, and allowed to fall back again without 
common oneutation Streets occupy 2,803 acres, or twenty-four 
per cent of the built-up area • 


' Bruce, op cU , p 6 


• Ibid 
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PHYSIOGRAPHIC DIAGRAM OF SYRACUSE 


Fifi la 

COMMERCIAI^ AREAS 

The commomsl con occupies the flat lands of Onondaga VaJh y 
and the Lake Plain The area contains 444 acres, with a slope be- 
tween one and three |)cr cent * 

Local businew districts have grown up in various parts of the 
city near the residential areas which they serve They occupy aiS^as 
which total 539 acres ^ As a rule, these areas do not have more than 
SIX per cent slope However, they arc not restricted to the level lands 
of Onondaga Valley or to the Lake Plain, as is the commerciat core 

puauc AND SCKIFUBLIC AREAS 

Areas devoted to public and semipubhc property which serves 
a local function are d^nbuted throughout the city They occupy 
},832^aeres, or fifteen per cent of the total developed area 

* Bruce, op ctl , p Ik ** fbid. a 
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KfiSIDENCR DISTRICTS 

Around these eevewd functional nuclei arc the residential areas 
of the city With the exception of the northwestern part, where 
Onondaga Lake is located, the residences are arranged concentrically 
about the fum Uonal nuclei and follow the contour features of the 
locality They occupy 4,965 acres, or forty-two per cent of the total 
buiU-up area 


VACANT LAND 

Within the political limits of Syracuse there are m vacant land 
4,483 a< res, or twenty-seven per cent of the total area of the city ^ 
(Fig 11) 


CONCLUSION 

Since its settlement in 1804 the growth of Syracuse has been 
steady but not spectacular (Fig 11) The early roads and canals 
have been replaced by highways and railroads, and the salt industry 
has been gradually transformed mto a vaned pattern of industries, 
the products of which represent Syracuse in the markets of the world 
The area of the city has been increased by annexation from 250 
to 16,418 acres, and the population has grown to 209,326, which 
makes the city the fourth largest in New York State 

Today Syracuse is a hub city not only because of its central lo- 
eatiQH, but beoause it is a focal point from which radiate commercial, 
indnstrial, cultural, recreational, administrative functions 

Sraaousa OatvassstTr 
BriuCusa^ New Yoiuc 
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AN AMERICAN ADAFFATION OF THE KOPPEN 
CLASSIFIC^ATION OF (XIMATES 


AIFRFD H MEVER 

I NCULAbING reuiginlion of tin giographic value of a quantita- 
tive elassifieation of flimaten sudi aa the Koppen system, has 
prompted the writer to formulate a sc If-suffic lent key of this system 
bawd on temperature in Fahrenheit degrees and rainfall m inches 
Mean temperature and rainfall data of representative stations illus- 
trate a number of the ehmatu ty|Ks * 

The outline, pattenwd after the taxonomie keys in botany and 
jsodlogy, shows at a glance Uu classifi(ation pnmipUs upf>n whuh 
the K6pi>en system is based, tlu tyjas of dimatc reiogruzed, and 
tlu taxonomic position of eat h elimatit type m relation to every other 
iy|je It aids in the sysUmatu idtntifit atum of the several climatic 
types from station data, and, by substituting formulae, climinateH the 
net essity of eonsulting U ngthy tallies of temperature and rainfall 
From a geographie jxant of view, however, the identification and 
classification index serves only as a moans to an end Gradually 
introduced, part by part, as needed with reference to particular 
geographic pnneiples or regions, the key has been found a helpful 
device m simplifying and elanfymg the Kfippen system Fxperic nc t 
shows that the key in time becomes automatic in readily integrating 
the elements of climate with the facts and pnneiples of world and 
regional geography A graphic form of the key appears m the ac- 
companying figure 

The climatic mosaic is after W Koppen and Preston h Jamc^s 
To Professor James, of the Geography Department of the University 
of Michigan, the author is mdebted for helpful criticism 

* Data for Miami and Yakutsk from W G Kendrew, Thtt Cltm(Ue 0 qf the 
CotUttwtU* Oxford llnivemty Vrtme, Oxford, 1927 

Data for otljer Htationii from H H Clayton, World WtKUher Reeorde (''Smith- 
sonian MiBCcUaneou* Coiloctlons ” Vol 79) Washington, D C 1927 
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ANALYTICAL KEY 

Symbol 
I 

KI- 
LT 


D Year 

T 18 5 18*7 23 £ 30 9 40 1 46 0 4Q 8 47 3 410 33 8 26 4 20 7 33 1 

Hf 33 27 34 24 36 30 33 38 60 50 44 31 44 9 

t Warmest month al>ove 50 MIDDI F OR LOW I ATITUDL A, B, C, or D 
2 Annual rainfall less than the following applicable formula tndi- 
eatee 

44 (t — 32),* where rainfall of inter 6 months is 70 per cent 
or more of the total or 

44 <t » 19 5), where rainfall w less unequally dintributed, or 
44 (t — 7), where rainfall of summer 6 months is 70 per cent 
or more of the total Day 

3 Annual rainfall more than one half of that shown in the 
formulae given Setmand tUppe 

4 Average temperature below 64 4, warmeat month above 
64 4 Cool steppe 

5 At least 70 per cent of the rainfall In summer 
5 At least 70 per cent of the rainfall in winter 

San Dieoo, USA 

T 54 0 54 9 56 5 58 3 60.5 63 5 66 8 68 4 66 9 63.2 59 1 55 6 60 6 

Hf 18191506030101010104 09 18 96 


4 Average temperature below 64 4, warmest month below 

04 4 Cold steppe BSkC 

5 At least 70 per cent of the rainfall in summer BSk V 

4 Average temperature above 64 4 

Hot steppe BSh 

5 At least 70 per cent of the ralnfa4 in summer BShw 

5 At least 70 per cent of the rainfall in winter BShs(fl) 

3 Annual rainfall less than one half of that shown in the for 

mulao given True deeert BW 

4 Average temperature below 64 4 

Cool desert BWk 

5 At least 70 per cent of the ramfaQ in summer BWkw 

5 At least 70 per cent of the rainfall in winter BWksCn) 

4 Average temp^ture bdow 64 4, warmest month b^ow 

64 4 CoW deSrt BWk' 


* Tbe tetter stands for "average annual temperature " 

* The tetter "n " is frequently added to BS and BW types to mdlcate frequent 
fogs, without quantitative expreiwion 


B 

BS 

BHk 

BSkw 

BSks(n)* 


Type and euhtype 

1 Warmest month beiow 60 HIGH LATITUDL OR HIGH AI^ 

TlTUDt 

2 Warmest month below 32 Fmom 
2 Warmest month above 32 TirNOKA 

IVIOTIT GrRKM AND 

JFMAMJ lASON 
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Santa Cru*, Arokntina Type and subtype HynM 

T 58 8 d7 654fi47 9 41 i3£ 4 35 1 38 3 43 6 48 S531563 47 5 

Rf 06 04 03 06 06 05 07 04 02 04 06 08 60 

5 At least 70 per cent of the rainfall in summer BWh w 

4 Average temperature above 64 4 

Hot deecrt HWh 

Phobnix, USA 

T 50 4 54 4 60 2 66 9 74 6 84 2 89 6 88 0 81 7 70 0 58 6 51 6 69 2 

Rf 100706040101131007060807 79 

5 At least 70 per cent of the rainfall in summer BWha 

5 At least 70 per cent of the rainfall m a inter BWhsfn) 

2 Annual rainfall more than the formula value fur the H bound- 
ary Humid A, C orD 

3 C oldest month above 64 4 Tropical A 

4 Rainfall of drie^^t month at least 2 4 

Ram forest Af(i)^ 

5 Maximum rainfall at the solstues 

6 Maximum ramfidl m htgh-sun (summer) penod * Afw(i) 

6 Maximum rainfall in low-sun (winter) period Afs(i) 


Sandakan, British North Bornbo 

T 79 8 80 I 81 1 82 3 82 6 81 7 81 8 81 8 81 7 81 5 80 8 80 1 81 3 
Rf 184 96 80 41 59 73 65 81 94 100 147 17 7 1197 


5 Maximum rainfall at the equinoxes 

6 Maximum in fall Afw'(i) 

6 Two maxima, in spring and in fall Afw''(i) 

4 Rainfall of driest month less than 2 4, but more than 
the formula value 04 (98 6 — r) • 

Ram forest monsuon Am(i) 

5 Hottest month before high-sun solstice Amg(i) 

5 Maximum rainfall at the solstices 

6 Maximum rainfidl in high-sun period Amw(i) 

Miami, USA 


T 65 7 67 8 73 3 74 0 78 6 80 9 82 2 82 4 81 4 77 4 73 2 68 7 75 4 
Rf 33 25 28 3 1 59 79 72 73 90 92 24 22 637 


6 Maximum rainfall In low -sun penod Ams(i) 

5 Maxtmum rainfall at the equinoxes 

6 Maidmum in fall Amw'(i) 

6 Two maxima, in sprmg and m fall Amw*(i) 

4 Rainfall nf the driest month less than 04 (98 6 r) 

Savanna Aw , As(i} 

5 Maximum rainfall at the solstices 

6 Maximum raltifaU in high-sun period Aw(i) 


7 Maximum temperature before high-sun solstice Awg{i) * 

* Tbe letter is added where there is a temperature range of less than 
9 degrees between the coldest and the warmest montR 

* True summers and winters do not occur m the tropics, hence the expres- 
siona '^higljHiuu penod’* and "tow-sun period " 

* Tbe letter "r" stands for "annual rainfaU *’ 
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Calcutta, India Type and Axtbiype Syntbol 

T 606 71 2802 85 6 861 86t83 7832832 79 173fi66 6 78 7 

Hf 04 10 14 22 56 no 12 7 13 4 10 0 49 06 02 643 

6 Maximum rainfall in l(m-*(un period Ah(i) 

7 Maximum tcm[)cratuto l>efon high sun solstice Ahk(i) 

5 Maximum rainfall at the cqumoxts 

6 Maximum in fall Aw'(i) 

7 Maximum t< mperatum before high-'Sun period Aw g(i) 

6 Two maxima, in spring and in full Ah*'(i) 


Colombo, ( eylon 

T 79 5 80 4 81 8 82 7 82 8 816 81 2 81 2 81 2 80 5 80 0 79 5 81 0 

Rf 32 19 43 97 10 9 7d 44 32 48 13 4118 61 800 


7 Maximum temperature before high sun aolstue Aw g(i) 
3 C oldest month between 26 6 and 64 4 

Mvi-Ujdiiude, mtld mtUer ( 

4 Rainfall of the rainiest month of wiuU r at least three t imes 
the rainfall of the driest month of summer, driest month 
less than 1 2 Summer dry ( s 

5 Warmest month above 71 6 Intenor, east coast ( «ii 
6 Maximum rainfall m fall C s a 

5 Warmest month lielow 71 6 West coast t sb 

6 Hottest month m fall ( sbt (n) 


San h bani isf o USA 

T 49 4 51 4 62 8 54 3 55 6 57 2 67 3 67 8 59 9 58 9 66 6 50 0 66 0 

Hf 48 36 31 16 07 01 00 00 03 09 24 45 22 0 

4 Hainfall of the rainiest month of summer at least ten 


times the rainfall of the driest month of winter 

Winter dry Cw 

6 Warmest month above 71 6 C wa 

6 Hottest month before the summer solstice ( wag 

5 Warmest month below 71 0 ( wb(0 


JOHANNXSBTTRa, SoUTH AfRICA 

T 66 5 65 4 63 3 59 8 54 4 50 7 50 6 54 3 69 4 62 7 63 6 66 1 69 0 

Rf 62 62 44 17 OS 0 1 0 3 0 6 1 0 2 0 6 0 6 4 33 2 

4 Rainfall less unequally distributed 

Continuously humid Cf 

6 Warmest month above 71 6 Intenor, east coast Cfa 
6 Maximum ramfall in spring Cfax 

Hr 1 OU18, USA 

r 31 6 33 7 44 2 55 8 66 2 76 0 79 2 77 3 70 1 68 3 45 4 36 6 66 0 

Kf 2 3 2 6 3 6 3 8 4 5 4 6 3 6 3 5 3 2 2 8 2 9 2 6 39 8 

6 Warmest month below 71 6, but at least 4 months 

above 60 West coast Cfb(i) 

6 Hottest month before the summer solstice Cfbg(i) 

6 Maximum rainfall in winter Cfbs(i) 
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Sitka, Alaska Type and nuhtype i^ymbd 

i 31 7 34 t 36 6 41 3 46 6 51 3 54 8 56 6 51 7 45 8 38 2 35 4 43 6 

Rf 76 65 56 55 41 34 42 71 10 1 12 2 96 90 84 8 

6 WurmoHt month below 71 6, lees than 4 months 


above 50 Cfc(i) 

3 Coldest month below 26 6 Mtd latitude severe unnttr 1) 

4 Rainfall of the rainiest month of inter at least three 
times the rainfall of the rainiest month of summir 

Sumiiurdry D» 

5 Warmest month below 71 6 Dsb 

4 Raanfall of the rainiest month of summer at least ten tunes 
the rainfall of the driest month of winti r 

Winter dry Dw 

5 Wariniwt month almve 71 6 Dwa 


Mukden, Manchukuo 

1 8 1 140 297 469 601 706 766 74 6 61 3 48 4 29 1 140 44 4 
Rf 0 2 0 3 0 7 11 2 2 3 4 6 8 6 3 3 3 1 6 0 9 0 2 24 9 



6 Warmest month beloa 71 6, but at least 4 months 
above 60 

6 Less than 4 months above 60, t oldest montii alaivc 

Dwb 



-36 4 

Dwe 



6 Coldest mnntli beloa — 36 4 

Dwd 


Yakutsk, USSR 



T 

-45 9 - 36 1 -10 1 15 8 40 6 69 0 66 2 '>9 6 42 4 16 2 -20 9 - 

-40 6 

122 

Hf 

09 02 0406 11 21 I72t) 12 14 06 

09 

137 


4 Kamfall less unequally distributed 




Continuously humid 

I)f 



6 Warmest month above 71 6 

Ufa 


Dktkoit, USA 



T 

248 247 837 400 57 8 67 7 72 6 702 63 8 62 1 393 

29 4 

48 6 

Rf 

21 22 24 24 33 37 33 28 27 24 24 

23 

32 0 


6 Warmest month below 71 6, but at least 4 months 
above 60 

6 Less than 4 months above 60, coldest month above 

Dfb 
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Dfc 


Dawson, C anada 



T 

-Ml -113 3 8 39 1 48 4 66 7 89 8 64 3 434 261 07 - 

13 1 

22 5 

Rf 

08 08 06 07 09 13 18 1 6 1 7 1 3 13 

1 1 

13 6 


6 Coldest month below 36 4 Dfd 
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Example lUueirattng Stepe %n Idenl\fieatum 
San FBANOtaco, USA 

T 49 4 51 4 62 8 54 3 55 6 57 2 57 3 57 8 59 9 58 9 55 6 50 6 55 0 

Kf 48 36 31 16 07 01 00 00 03 00 24 45 220 


1 Warmest month above 60 MIDDIjfc# OK LOW I ATITl^Dh 
i Total annual rainfall more than 44 {t ** 32) 

Humid 

3 Coldest month betaoen 26 6 and 64 4 C 

4 Rainfall of the rainiest month of a inter at least three 
times that of the driest mouth of summer, driest month 
less than 1 2 inches Cs 

5 Warmest month below 71 6 Csb 

0 Hottest month m fall Csbt' 

7 Frequent fogs Csbt'n 


VALeABAIBO UNIVBBaiTT 

VALBAKAtao, Indiana 





Fici 1 A adf-oontamed dui^Ttunm&Uc key showing on a hypothetical flat continent the geceralued distribution of the chief Koppen types and subtvpes of cli- 

mate> together with the classification criteria and formutae upon a hich these are based 

EXPLANATION 

Temperature and rainfall entena and formulae define and dehmit the vanous climatic types as expressed by letter symbols For example m the same latitude 
the temperature of the warmest or the coldest month on the equatorward side of a gi\en boundary be above the line value The line ‘ four months 
above 50°** driimits on the poleward side the areas having four or more months above 50° The criterion * ramiest month 10 X RF driest month ’ m 
connect«)n with the Ow and the X>w symbols means tliat the raimcwt month of summer has at least ten times as much rain as the driest month of winter 
<tbe **w* indicates the dry eeaeon, namely, winter) Desertward stations will have lees rainfall than is indicated by the formula values separating the dr> 
from the humid lands For the meamng of climatic symbols said formulae eonsult the analytical key 
ABBREV I \TIONS O driest In inches. Mo month, R rairuest, Rf , total annual rainfall (iiuhe«i), T, average annual temperature (FaJixenheit) 





BATTLE CREEK A STUDY IN URBAN 

GEOGRAPHY 

PART I PRESENT-DAY CITY AND 

FUNDAMENT 

H THOMPSON STRAW 
Inthoduction 

I N THpj aouthernmoMt part of MKhigati thort art lines of 
citiea, each located along what onginally won Indian trails and 
what today are highways radiating from Detroit (Fig 1) The 
line farthest south on the map i» composed of small mark( t towns, 
most of them of less than ten thousand population Hen trade la 
the dominant industry, and what manufacturing exists came late in 
tho history of the city and is still generally of only accondary im- 
portance ' The second line of cities, immediately north of the first, 
is composed of somewhat larger urban units, of which Battle Creek 
18 one, and here manufaotunng rather than trade is the pnmipal 
function Nor did manufaotunng come late in the history of these 
citica Generally it was the fimction around which the city was 
planned * 

Perhaps the two most outstanding characteristics of Batth Creek 
are first, that it is so well known, which is unusual when its siae, 
less than fifty thousand population, is considered — many ( ities a 
great deal larger ore mufh less well known, and second, that its two 
major industneB, the production of cereal preparations and the 
activities of tho sanitarium, are so httle related to the surrounding 
area Its location in the southern part of the Hay and Dairy Belt * 

^ An example of thi* ie Hillsdale See 9iraw> H Thompson, ** HiUMlale An 
Urban Stody of a SmaU Mid Weatem Town/^ Joum (hog , 34 824-334 1935 
* Davis, P H , ''Significant Geographie Problema of the Outwasb Plains of 
fiouiheaatem Michigan/' /ovfn , 21 51-53 1922 

* Baker, (X E , '* Agricultural Bei^a of North America Part V, The Hay 
and Dairy Belt/' Eeon 4 44-73* 1928. 
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places it outwd( th( major areas prwlucms; its raw tnaienals, and its 
proximity to the large urban markets is an advantage shared by many 
another near-by city Fven more peculiar is the location in this 
particular city of a health resort The average Amencan is accus- 
tomed to associate health oenters with mineral spnngs, watering 
placets, or seashore and mountain scenery Battle Creek has none of 
these The explanation will ha\e to b( found in the evolution of 
the city rather than m its environs 


CITIES OF SOUTHERN MICHIGAN 



1*IQ 1 


Present-Day Chy 

Battle Creek ofiupies a valley about thrw quarters of a nule 
wide (Fig 2) * In southern Michigan one is af rustomed to a glacial 
t^rram, rough in surface and complex in pattern, and the relatively 
flat land of the valley bottom, simple in design and liounded by 
clear-cut limits, serves sharply to differentiate this site from the areas 
of glacial deposition to the northwest and the southeast 

Two nvers, the Kalamazoo and the Battle Creek, meet here 
near the center of the city Both nvers are surpnsingly small m 
relation to the size of the valley, which, though continuing at about 
the same width, is occupied above the confluence by the smaller of 
the two itreams, the Battle Creek The Kalamazoo River, on the 

* Battle Creek Quadrangle, Michigan, tl B Geol Burv 
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other hand, above the Upper Mill Pond flows throngh a valley whioh 
IS in proportion to the siee of the stream Nt ar the confluence both 
nvors are confined within the smaller thalwegs which they have cut 
in the larger valley Upstream the Battle Treek and downstream 
the Kalamaaoo present a different appearance — the flow is less 
rapid and there are numerous binds and oxbows Associated with 
these meanders are large stretches of poorly drained land (Fig 3) 
The vallev sides, although in general muc h more sharply defined 
than the surroundmg glacial area, have many irregulanties along 
them (Fig 2) The slope w hich drains Spnng Lake, m the northern 
part of the city, la an excellent example The lake itself is about a 
mile from the edge of the valley side, and yet its drainage basin is 
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but httle above the general level of the valley floor The boundanee 
of the side« vary m sharpness from place to place In the eantern 
part of the city they are fairly clear out, but on the southern slope of 
the northwestern part of the valley they are very poorly defined 
As the city has outgrown its valley it has expanded upon the higher 
lands to the north and the south Here the terrain m distinctly one of 
glacial ongtn Boundanes of any sort are absent, and complexity of 
surface and of structure is the rule 


STRfiST PATTEHNB 

The street pattern of the valley portion of Battle Creek is in 
harmonious relation to the landforms (Fig 3) There are five pnn- 
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cipal Btrccts two whuh enter from the northwest, oiu from the 
north* (ist, one from the east, and one from the south These connect 
Battle Creek with Kalamaeoo, Bellevue, Marshall, and Athens, 
respectively There are a convergence and a crossing of these routes, 
the eonvergeiue is the result of following the more easily traversed 
valley floor and avoiding whenever possible the ascent of the valley 
sides, and thf t rossing o* curs at the better-drained area in the center 
of the city 

The streets of the higher glacial section are of th* nitangular 
gnd pattern characteristic of urban centers laid out in the nineteen lli 
century ‘ Streets which seem to fit into neitlur of this* two groups 
are mamly those which serve as connecting links betwe* n tlu ni 

THE ARRANGEMENT OF FUNCTlONAI AREAS 

InduHtry 

As one approaches Battle Creek from the higher land one se<s 
in the valley a bristling of smokestacks and water towers, so com- 
mon to the American manufacturing scene Thw picture is most 
stnkingly developed, however, before an impending storm at times 
when the wind is in the southeast, for then a pall of smoke drifts over 
the city and seems from a distance to form an unbroken canopy 

The factories are located almost exclusively upon the vallry 
floor (Fig 4) Here they are m close proximity to the principal 
roads of the valley and to the railroads There is a definite division 
of factories on the bams of siee Thosc^ mdustrics close to the rom- 
mercial core tend to occupy smaller areas, whereas those at som* 
distance generally cover larger units of ground A scattering of 
factories, such as one might find m many c ities, produce a vane ty 
of goods, but the rest may be divided into two distinct groups, the 
food factories and those makmg metal products The food facton* s 
are the Battle Creek Food Company, the W K Kellogg Company, 
the Postum Company, and a branch of the lialston Punna Company 
(PI 1, Figs 1~2) Among the metal-working factories are a few found- 
ries, but these are small Most of themetal-working mdustnea produce 
such machinery as bread-wrapping deviocfl, farm appliances, printing 
presses, and steam pumps There are also smaller metal products — 
lawn sprinklers, registers for heating systems, registenng machines, 

* James, P B , An OutUm of Qoo(^phy (Boston Giun and Company, 103S), 
pr ISA ^ 
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und Wirt (rates and gnde Many of these metal-working fat tones 
difft r from tlu food factoncs m lot ation and in architectural design 
their lot ation ls UHually near the commercial core and the center of the 
city, and their architectural style is generally less modem (PI I, 
lig 3, PI II, Fig 1) Apparently most of them art of earlier origin 
and existed in the city prior to the growth of the food factories 

Commerce 

The commercial ( ore is located nt ar tht 1 1 ntt r of the city, at 
the thief intersection of routes There is considerable diversity of 
form within this core itself (Jig 6) The principal street and llu 
adjoining areas are occupied by the first-dass tommcrcial settion 
(PI II, Fig 2) T his section contains most of the apparel, depart- 
ment, furniture, and jewelry stores, and constitutes the shopping area 
The setond-t lass commercial distnct (PI II, Fig 3) t xtends m a bro- 
ken nng about the shopping distnct It is composed of stores of less 
pleasing appearance — building-supplies, grocery, and secondhand 
stores, with small restaurants predominant The single exception to 
the generally poor appearance of this area is furnished by the often 
attractive aut^omobik salesrooms 

There are two types of industry in the commercial core The first 
IS that, already mentioned, whuh is usually associated with one or 
the other of the two rail line^ that traverse it The second consists of 
a combination of local retail and manufacturing, sue h as shops selling 
office supplies and stationery in the front and doing job pnnting in 
the rear and bakenes which have small retail shops in the forepart 
of the buildings This combination is distnbuted throughout the 
second-class commercial area and often at first sight seems to be a 
part of it (Fig 6) 

Throughout the commercial core there is a scattering of public 
buildings, and surrounding it is a nng of second- and thirci-class 
residence distncts Although not true in all cases, the third-class 
residence seems to be generally associated with industnal or rail 
distncts 

Outside the commercial core and within the residence distnct 
there are also small isolated areas devoted to commerce (Fig 4) 
Tlie stores of these areas are small and, generally, are food or drug 
stores or restaurants, the primary purpose of which is to serve the 
immediately surrounding residence area There is a definite concen- 
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KFY TO SYMBOLS 


1 InduetrieH 

2 Seoond-claH# commercial oori! 

3 !• iret-claes cOmmefHal core 

4 I^>cal rotnil and workshop 

5 Area devoted to transportation 

6 Public buildingH 

7 Schools 


8 Churches 

9 City property 
to Parks 

1 1 Second clfkas reHidcnce 

12 Third class residence 

13 Railroads 


tratioo of these commercial areas along the main traffic arteries lead- 
ing from the city This is particularly true of the road to Verona m 
the northeastern (PI III, Hg 1) and of tht road to Marshall m the 
eastern parts of the city Such a location enables the merchant* to 
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be tlif* firjst to offer servieeK and gooda to those arriving and the last 
to offer them to those leaving 

Along the northern road to Kalamazoo, in the western part of the 
(ity, IS a broken string of outlying tommenml areas This is a 
“stnng-street’^ • development and may very wdl mark the direction 
of greatest future expansion of the commercial core itself 

Samtanum and College 

In the western part of the city, upon the land immediately north 
of the valley, are the samtanum and the < ollege The samtanum 
IS of considerable size (PI III, Fig 2) and nses above the surrounding 
neighborhood It is capable of housing some twelve hundred patients 
The college, on the other hand, is small, having an enrollment of only 
about throe hundred and fifty students A few of the buildings are of 
relent ongin (PI 111, Fig 3), but the mam ones are of a much older 
style of architeiture Not only an the bvnldmgs of the samtanum 
and the col)(*ge in close proximity, but certain ones are for the joint 
use of both institutions 


Transportahon 

Intimately connected with the commercial core and the factones 
is the area devoted to railroad transportation (Fig 4) Battle Creek 
18 served by both the Grand Trunk Railroad and the Michigan Cen- 
tral Railroad The area devoted to transportation is unusuedly large, 
owing to the location within the city of engine and repair shops of the 
Grand Trunk Railroad, of which Battle Creek is the divisional center 
The rail lines are laid in the valley section of the city The Grand 
Trunk, which enters from the northeast, uses the valley m which the 
Battle Cre< k is located The Michigan Central, which enUftB from 
the east, curves northward at the edge of the city, thus avoiding the 
slight increase of grade which it would have were it to straighten its 
line (Fig 2) This same railroad makes another northern bend in 
the center of the city West of Battle Creek both railroads occupy 
the valley The line which runs south of the city is a branch hne 
and is of relatively small importance 

Besides transportation by rail the city possesses another kmd^ that 
by air The airport u located some distance west of the city Battle 

* MoK«iu!«, R D , n* MitrapcKUm Commuruty (New York, McOniir>Hin 
Book Co , Inc , 1083), pp SM-SSB. 



Battle Creek Ciiy and Fundament 375 

Creek is on the air route from Chicago to D( troit, and planes stop 
regularly for passengers 


Rendence Areas 

Occupying for the most part the higher land north and south of 
the valley with its factories and commercial core lh Hk nsidenct 
district (Fig 4) Residence in the built-up urban aria has been 
divided into three classes, upon the basis of geiural apptaranco 
The author’s field work was done during the years 1934 and 1 935 At 
that time five to six years of the economic depression hod passed 
This meant that many homes went unpainted and had unki pt yards 
In some areas the condition presented no trouble in (lassifiiatioiir 
but in others, where the homes were themselves simple frame build- 
ings of unpretentious stylej? of architecture, there was great tliffi- 
culty Many of these homes, if well taken care of, would bi < allt d 
second-class residence As they were, however, they had the apiieur- 
ance of being third-class In the end it was decided to classify tin in 
as they would probably bi under more normal economic < omlitions 
However, there is no assurance that this aim was always attained 

Third-class residence is generally in (lose prokimity to tlic fac- 
tories, the railroads, or the commerdal < ore That portion associate d 
with the commercial core appears, in part at least, to be decadent 
(see PI IV, Figa l‘-2) Other sections of third-class nsidemf im- 
mediately southwest of thi commercial core contain a large numlx r 
of the Negro population Since there are in Battle C reek no zon- 
ing ordinances which segregate the races, the homes of whites and 
Negroes are mtermingled 

First-class residence (PI IV, Fig 3) occupies a very small portion 
of the residenc^e area This is explained m part by the location of h hat 
will probably develop into first-class residence m the present suburban 
residence distnets (PI V, Fig 1), particularly in the area in the 
northern part of the city There is a similar development southeast 
of Ooguac Lake The first-class residence northeast of the commercial 
core IS the oldest Although it as still a residence area, that part of it 
nearest the commerual core t» slowly being transformed The first 
house at the right in Plate IV, Figure 3, has been turned into an 
apartment house, the second into a hospitsJ Farther down the street 
another is now used as a church However, the change is hIow and 
not extensive 
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Second-claas residtnof o( cupu s mo^t of th( rosidi noe area (PI V, 
Fig 2) Th< suburban rc^^identt (area whu h is less than 50 per < ent 
built up) forms a broken ring about the p( nphery of the urban resi- 
dence distnct 

Scattereel throughout these rtsidonce areas are publu buildings, 
mostly schools and churches T here are only a ftw parks arul these 
are small In general, the larger parks of flu city in outside the 
resideme area and are of rettnt devdopment 

Oiu special tyis of reside luf, the smnmer-cottagf , occurs on the 
shore of Goguae I^k( Its extent is small, smet much of the lake 
frontag* is given over to a public park and a golf course , and it has 
contnbut-ed little to the growth of the city 

PaykSf SubdivtnonSy and Vacant Land 

We have already noted the presence of a few small parks and 
publu grounds scattered thioughout the residence areas Most of 
these arc used cither to commemorate some spot of importance in 
local history or as playgrounds At the outskirts of the city are 
larger parks Tluse appear to lie of more recent origin and are d<'- 
sjgned fc^r recreation 

Surrounding the city, and particularly well developed to the 
west, are areas of subdivision Such areas are normal to almost 
every American city, but here they stein somewhat out of projKirtion 
to the siae of the city itsc If 1 here are approximately throe and one - 
eighth square miles whu h are praetu ally unnsc d c ither by the city or 
for agriculture 

Within the political limits of the city nearly one half of the land 
IS vac ant (indicated by white on Fig 4) In general, two fat tors explain 
this the presence of wasteland aasoeiated with the natural drainage 
of the city and the extension of the city limits to include agricultural 
land The wasteland strongly corresponds with the areas of poor 
drainage (Fig 3) Although, as can be seen by a companson with 
Figure 4, the urban area has m most places pushed toward this un- 
drained section as far as possible, there is much which still remains 
The greatest amount of agneuiturai land withm the city limits occurs 
in the northwestern part Here it is apparently the result, not of the 
overamhition of the city to acquire terntory, but of the natural 
difficulty of fitting straight lines to the irregular pattern of actual 
urban use 
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Fundament 

That a rtaui partw of the general pattern of Battle C reek are 
clostly related to tht nruierlying landfonns and drainage has already 
been noted Still other parts represent relict forms of earlier occu- 
pantc, many of whu h wi r( also rtlated to the terrain in terms of the 
then usual mode of wttlement Therefore, to arrive at a complete 
understanding of tlu ( ity, it is necessary to study the fundament of 
both its site and its surroundings 

LANDFOliMS AND DRAINAGI- 

Battle Creek and th< ana surrounding it he in that part of lh< 
United States affei ted by the glaciers of the Pleistocent ptriod 1 he 
underlying Wav< rly shale and Marshall sandstone ^ have bet n so 
detply covered by glacial till that they are present at the surfact in 
but ft w places Small areas are m evidence w hen old glat lal drainage 
channels have stvtrely ertHled the glacial material (PI V, hig 3) 
Otherwise the surface structure is almost entirely a product of glacial 
tleposition 

Although three ice lobes invaded southern Michigan * only t\io, 
the Lake Michigan and the Saginaw, affected the region about 
Battle ( reek (Fig 6) The deposits of the third lobe are found 
farther to the east Deposition from all lobes occurred during the 
latter part of the Pleistocene period A change of climate produced 
a condition in which the rate of melting exceeded the slow advance 
of the sheet, and recession took place Apparently this change from 
an ice-age climate to something approximating that of today was not 
a slow, continuous proccas, but one of flui tuatioiis, for the moraines 
about Battle Creek exhibit too much relief to have been deposited 
while the glacier was receding Rather it i\ouid seem that during 
thi short periods of relatively gre^atcr cold and precipitation the 
glac ler advanced slightly, and that at the ( ulmmation of each short 
advance a moraine was laid down ® This moveme nt and deposition 
was repeated again and again Tht spaces betneen moraines were 
generally filled with outwash or, where the retreat of the glacier was 
more regular, with ground morame 

Rominger, C , Geology of the I^wer Peninsula," Oeol Surv Mtch , 3, 
Part I (1873-70) 69-70 1876 

■ Ixjverett, Frank, and Taylor, Prank B , "The Pleistocene of Indiana and 
Michigan," U S Oeol uSurv , Mon $3^ p 24 1915 * Ibui , pp 30-32 
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rht pattern of tho vanouB Jandform^ of today is shown on 
Figure 6 It cannot be assumed that the outlines of the present-day 
formations more than approximate the ongmal ones These forma- 
tions are a part of an area of unusually eomplt x glacial deposits 
Much of the outwnsh plain is not associated with tht moraines im- 


SURFACE FORMATIONS AROUND BATTLE CREEK 



[EIOl 

Flo 6 

KFY TO HYMBOI.8 

1 Moraineei 2 Till plains 3 Outwanh plains 

(After Irank liOveroti, "The C/Ountry around Camp Custer/* V S Otol 

Surv , kig 3 1018 ) 

m(*diately to the north or the west but with those farther away 
The gla( lal streams which deposited the outwash have m many places 
severely eroded morames which were formed earlier and which lay at 
some distance in front of the glacier At other times the outwash 
was deposited over the moraines and the till plain, so that many 
areas designated as outwash on the map may ba^underlaw by earlier 
and diffenng deposits 


» Davis, op €it,pp da-57 
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The first morainic system produced within the area shown on the 
map was the Tekonsha moraine It takes the form of an inverted 
V, with the apex just north of the glaiial nver valley and northwest 
of BatUe Creek This moraine, the product of tlie combined deposi- 
tion of both the Lake Michigan and the Saginaw lobes, lias its re- 
entrant angle about fi\ e or six miles west of Battle ek The jxirtion 
of the moraine whuU lies north of the glacial nver valU y is a part of 
the mterlobatc deposits which werji* formed between tlu Lake Mu h- 
igan and the Saginaw lobes during the lattr stages of m withdrawal 
In land surface it differs somewhat from the rest of the Tekonsha 
moraine Its relief is produced largely by depressions and basins, 
whereas that of the remainder is caused mostly by ridges and knobs 
Large parts of the moraine have been greatly modified bv outwosh 
deposition wluch occurred after the moraine had been laid down by 
the glacial lobes One con surmise the earlier existence m many 
places, especially towartl the south, of a more extensi\c morain< 
This surmise seems borne out by the boulder deposits in some of tlu 
adjae>ont outwash areas 

The moraine deposited immediately after the Fekousha was the 
Battle Creek It might perhaps l>e bitter to consider the Battii 
Creek a part of the Tekonsha, since it was at the time of ita deposition 
that the previously mentioned mterlobatc moraine was laid down 
The Battle Creek is, however, a distmit moraine and is scparatiui 
from the Tekonsha by an outwash plain from one to two milis in 
width, sloping gently to the south It is cut off at its southeastern 
end by the outwash deposited later from the Katamasoo moraine, and 
the northwestern end has been eroded by the glacial river, the valley 
of which IS now occupied by the Kolamaxoo At this end the out- 
wash plain IS at the same elevation as the moraine and can be differen- 
tiated from it only by a less rolling surface and a smaller deposition 
of boulders As one travels toward the southeast, however, the 
difference in elevation of the two deposits betomes more and mon 
apparent This difference is brought about not by an increase m 
the elevation of the moraine but by the gentle drop of the general 
level of the outwash There is also a gradual cliange In tlte type ol 
deposit of the outwash Hie larger particles, the gravels and coarse 
sand, tend to be more abundant m the northern part, whereas finer 
material is more abundant In the southern 

« Leverett and Taylor, op ett , pp 152-150, 
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The moraine deposited next, and separated from the earlier 
Battle Creek moraine by an outwaah plain of con*tiderable size, was 
the Kalamazoo The elevation is greatest near the reentrant angle 
and decreases as one approaches that part eroded by the glacial 
stream The general surface is of the knob-and-basin type The 
numerous small lakes near the reentrant angle are replaced by 
numerous swamps near the ( hannel 

This old gla< lal channel oe( upies for the greater part of its coursi 
one of the most extensive outwash plains m southern Michigan The 
plain has a very definite «outh\%ard slojie, tlu elevation at the rc»- 
entrant angle of the two Kalamazoo moraines is about one thousand 
feet and drops to about eight hundn d f< et at the Michigan-lndiana 
border The larger gravel particUs, as has l>een mentioned before, 
are deposited in the north, and the fint r materials in the south From 
both the slope and the size of partules de|) 08 ited it would seem that 
the general trend of glacial drainage on the outwash was southward 
Still, the valley occupied by the Kalamazoo River, itself a part of 
the glacial drsunage of this time, travels at right angles to the general 
trend Indeed, north of the city of Kalamazoo it turns and continues 
in a direction exactly opposite to the general trend Another pecuh- 
anty of the valley, as stated before, is the fact that while large parts 
of it are obviously the result of stream erosion, there are seetions of 
the bluff the outlines of which arc so irregular that this general 
explanation fails to solve the problem of their forms Examples of 
this irregularity have been offered within Battle Creek itself 

The only possible solution to this apparent discrepancy seems to 
be that the old glacial stream followed not a self-madi valley but one 
which, at least in part, had been prepared for it by a senes of pits ** 
in the outwash These pits had resulted from the melting of large 
bloc ks of ice deposited by the glacier, and they formed the rudiments 
of a valley which the glacial stream followed and widened This 
explains the fact that the direction of the stream differs from the usual 
one of its time and that its valley sides are so filled with irregulanties 

The present Kalamazoo River is a much-underfit stream after 
reaching the glacial drainage channel and has produced but a narrow, 
wandering thalweg and a few swamps It has m scarcely any place 
modified the valley bluffs of the earlier and larger stream 

** Ijeverett, Frank, “The Country around Camp Cu«ter“ (article on reverse 
aide of topographic map “Camp Custer Quadrangle, “ edition of 1918) 
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Aside from those whuh oc(upy former glacial drainage (hanntls, 
tin streams are for the most part < onsequt nt ones whn h have 
adapted the dirr ( tion of their flow to the slope of tlu glacial deposits 
The compKxity of the slopes of the deposits is reflected in the fre- 
quent chang<s of dmction of the rivers In dttail, one finds lakes 
which dram m two directions and rivers which trace a tortuous 
path rn across the terrain On a traverse of tlu area one imits tlu 
same river m many different and unexpected plates In general, 
howivtr, the tendency of most rivers is to occupy tht outwash and 
to avoid tlu till plains and, especially, the moraines 

Associated with the streams are nurntrous small lakes and 
swamps, also attesting the early youth of the area The lakes are of 
several origins, hut those near the city of Battle T reek are most 
frequently of the pit type, as, for example, Goguac Lake, southwest 
of the city Many of tlu swamps are doubtless tlu relict forms of 
e arliei lakes With their heavy growth of grasses they were the 
iwpularly called “wot prairies'* of pioneer days and the frequent, 
though often unfortunate, sites of early settlement 

The presence of tlu'se numerous swamps and lakes has caused a 
fairly even regimen of stieam flow throughout the area, and thus 
any possibility of heavy seasonal floods is eliminated This even 
rc^gunen was of importance in forme r days, also, when the use of water 
power in Battle Creek was more extc nsive Late summer ordinarily 
brought no great diminutum of water supply, and thus the period 
within which manufacturing was possible was not curtailed 

VEGETATION 

The vegetation which covered the surrounding eountry at the 
tun* the first settlers came to Battle Creek, although in general 
determined by climate, in detail is closely related to the various sur- 
face forms The climate of the area places it in the Dfa ** < lassifica- 
tion and consequently identifies the natural vegetation as a part of 
the (it ( iduous broadleaf forest of the middle latitudes The dominant 
association is oak-hickory This has been classified as a xerophytic 

DaviB, C M The Hydrographic Regions of Michigan/’ Pap Af%ch 
Acad Set f Arts and 16 (19S1) 211-216 1982 

» 8cott I D , ‘‘Inland Ukes of Michigan/' Mtch Otsol and Bud BoU Swv , 
Publ 30, Geol Benes 25 (lAmting, 1921) 

“ Lane, AC,” Water Kesour*^ of the Lower Peninsula of Michigaa/’ t/ S 
Gcol Surv , Waier Bupplp Paper 30, 1899 “ KOppen olaBgific^tion 
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phase of the Appalachian Forest Such a classification seeins borne 
out by the fact that the oak-hickory association changes to a maple- 
beech association where the upland soil is heavier and of greater ( lay 
content,** and where, consequently, the amount of moisture avail- 
able to the tree is greater 1 he poorly drained mineral soils support 
a tree growth principally of the elm ash-silver-maple type 

The re are two dry-praine areas near Battle Creek one just south- 
west of the ( ity, called Goguac Prairie, and the other about ten miles 
southwest, known as Climax Prairie These areas were co\ered 
pniuipally by tall praim grasses, with a seMtenng of bur oaks 
The explanation of the presence of these praines in southwestern 
Michigan see ms to he in a < omplie atcnl mixture of natural and cultural 
conditions The e hange of c lunate whii h caused the retreat of the 
glac ler apparently continued for some centuries after the Pleistocene 
period and produced a much more xenc condition than that of the 
pre*seiit day It appears that under these favorable circumstances the 
praine, now extant m Illinois and westward, reached far north into 
Michigan A second change m climate ** resulted in a condition 
fostering the present forest cover, and the prairies such as the Goguac 
and the Climax arc existent as relict forms 

Th(8c natural conditions favorable to grass growth were sup- 
plemented by certain practices of the Indians who inhabited the 
area To judge from the Indian rtmams^ abongmal occupation of 
many of the prainos was relatively Intensive for Indian standards 
It was generally the custom to bum the grasses of the praines in the 
fall to drive whatever game exasted there into the near-by woods, 
where it could be more easily hunted This practice encouraged 
the continuance of grass rather than the growth of trees and aug* 
mented the natural conditions wluth favored its existence The 

Baulig, Henri, Afninque upterUnonaUt OicifrapHif umffffr««U6, Tome XIII, 
edited by P Vidal de la Bl^he and L Qalloia (Paris, 19a5), oolomi map 
Formes do v^tation aux fitats Unis et dans le sud du Canada,” between pages 
106 and 107 

** Leverett and Taylor, op cil , p 180, see also Moon, J W , Veatoh, J 0 , 
Wonser, C H . and Pasco, K E , iSotl Surpep ef Eaton Coimlp, Aftchigan, Bur 
Cfaem. and Sous, U S Dept Agnc , Senes 11^, Xo 10, p 3 

** Gleason, H H , ”The Vegetational History of the Middle West,” Ann 
itssn Am (xeag , 12 39-85 1932 

** Sears, P fi , ”The Archaeology of Enviranmeotfn Eastern North America,” 
Am Afghropo{,N S,34 612HH4 1982 
“ Gleason, op eit, pp 80-81 
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probablp importanct of the ( U‘<toin Rcems borot out by tl»e fact that 
certain um topped praines or openings bet amt covered by upland 
fore^ after the arrival of the white men ** 

The first settlers, having learned the use and the advantages of 
praine land in Illinois and western Indiana, wtre at traded to thes< 
dry pralnea The land was not so difficult to c h ar as th< forest, 
could immediately bo plowed, was of nch soil with a high humus 
content, and was espt dally suitable for wheat, the unportaiit pioiuer 
( ash crop ** 

I he remamnig form of original \(g(tatioii is the so-called “wet 
praine^’ or swamp These soils were unsuitable for piomer agri- 
culture, but they did provide fields for pasture and hay which did not 
need an axe char thim Many of the early settlement'! made m 
the neighborhood of these swamps were unfortunate beeauso the un- 
drained anas fostered the rapid spread of malana and the pioneers 
in such s<< tiona usually suffered most from the disease 

CONC I USION 

Battle Creek has Ixdi desenbed as a dty with four separate 
functions manufacturing, tommorce, health, and education, repre- 
sented respectively by the factories, the commercial core, the sani- 
tarium, and the college These cores and the other functional areas 
of the city have been delmeated, and their spatial relationships have 
been mdieate<l The fundament has also been discussed, and the land- 
forms and the drainage have been shown to be the results of glacial 
depKisition and erosion The vegetation is correlated in a general 
way with climate and m detail with surfioial conditions Tin prairies, 
forma of an earlier climate, still further complicate the vegetational 
pattern The relationships existing between the present-day c ity and 
the fundament, such as the distribution of strec t pattc rns and the 
lo< atuin of transportation areas, have been pointed out 

There still remain, however, many areas the presc nc e of which has 
not been disc ussed These are for the most part forms of on earlier 
stage of sequent oecupance Just as the presence of the praines, 

" Beals, W h , “Some Changes Now Taking Place m a Forest of Oak 
Openings," Fourth Ann Rep Afioh Acad (1902), pp 107-t08 

•> Veatch. J O, ‘The Dry Prairies of Michigan," Fap Mush Acad 5ct , 
ArU,andUUern,%{\n7) 269-278 1928 

“ Comstock, 0 C , " History of Calhoun County Mudngan Pioneer 
CoUection$»2 218-220 1880 
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“urh a« th( Gof<ua< and tht Climax, cannot be ixplanud in termn of 
ircsent-day climate and surface, so itrtam urban forms cannot be 
xplamod in terms of present-day use In a later paper the author 
?ill trace the sequent occupanec of Battle Creek and will show the 
elationship between it and certain existing; urban forms Likewise 
he relationship which each of the cores and the oity as a whole bear 
o the surrounding areas hic h they serve will be desenbed 

State Teachers CoXiiiEOE 
Murfreesboro, Tennebsee 
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PEDOLOGIC EVIDENCE OF CHANGES OF 
CLIMATE IN MICHIGAN* 

IFTHRO OTTO VtATCH 

T HPj fvidenu that the northern part of the Umttd StattH was 
(ovend by u (ontmontal ice sheet m the recint gtologu past 
IS HO con\ nu mg that a glacial period is accepted as a fact Also, a 
pnori, the diinaU of tlu land surface exposed by the final retreat 
of the ice sheet (ould not (oiweivably ha\e been the same as the 
present climate, but must have been much colder One may spiecu- 
late whether the change to tlu warmer condition wluch exists at 
present was gradual or u hether the ( urve of change had peaks and 
hollows of temperaturt and precipitation, and the sdentist may use 
geologic, ecologic, or pcdologic facta to support his theories For 
example, ecologists have collected evidi nee to substantiate a theory 
that a warmer and drier period existed in Uk nctnt past, during 
which the praine region extended from Illinois eastward, possibly 
as far as Pennsylvania * 

Some obscnations which the wnttr lias made, during studus on 
the geiiesis of the soils and on the classification of natural land 
t 3 rpe 8 m Michigan, are here presented with the expectation that 
they may have value for those who are mteresUd m conjectures 
regarding the changes in postglacial climate and m theones to ac- 
coimt for the existing phenomena of soils, the types and distribution 
of the original cover of vegetation, and certain topographic features 
of the state, such as dry valleys and baams A hypothetical curve of 
postglacial climate in Michigan is illustrated in Figure 1 

Tte great number of small praines m the southwestern part, 
which may be regarded as relicts of former larger bodies,* support 
the belief that a wtdej^pread praine condition existed m the southeni 

* Contributioa from the Michigan Agricultural Fxperiment Station, 

[uutog, Michigan Article No 264 (N S.) 

^ Transeau, F N . *'The Piatrie Peninsula,’* Bcoloffy, 16(1635) 423<437 
* VeXteh, J 0, ‘ The Dry Prairies of Michigan,” Pap Mteh Acad Set 
Am^andUUer$,^iXW) 266-278 1928. 
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so(tion of the state The profilc'i of the soils on thesi ‘'relicts” are 
markedly different from the dominant forest soil profile of the region 
and, therefore, may be regartled as abnormal or ajsonaJ The 
soil difference lies mainly in the darker color and the greater thick- 
mss of thi surface honzon and the weak devtlopment, or abstrue, 
of the leached gray or yelloxMsh Aa honzon of the forest soil profile 
These prainc soils, however, are not wiesenboden soils (dark-i olon d 
because of wet conditions), since water does not stand on the sur- 
face and since the substratum is comparatively dry Nor are they 
rendzinas, since the parent material is not suffidontly calcareous 
The soils are, m fact, generally strongly acid m reaction to depths 



lu t Hypothetical curve of dunatic changes in Michigan 


of two to three feet In addition, the profile generally indicates 
that the soil is comparatively old, or mature , since a compact clayey 
B honzon is developed 

Thc^se praine soils \ery probably were much more widespread in 
southern Michigan than at present, and the assumption is that their 
nearly complete extinction by encroachment of forest has been due 
to a c'hangp in climate The climate during the praine penod may 
have been warmer and dner than now or it may have been charactc r- 
izcd merely by a greater range in temperature or a greater difference 
in distribution of the total precipitation C'onditions might have 
lieen sufficiently dry for the formation of a chernozem soil , but, if 
so, all observable evidence of such a profile has been obliterated 
However, there is evidence farther west in the Frame Region to 
support a theory that the dry climate of the High Plains advanced 
eastward It is assumed, therefore, that a drier period than the 
present exist chJ dunng the formation of the praines in Michigan 
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Fxo 2 Part of Crawford County, Michigan, «howing dry valleys 




Dry valleys HUH! HaUau highland 

Valleys of glacial origin, oicuplrd by streams 


The poBtulation of a dry penod may b< lUfeKnary to explain the 
txistinee of dry valleyH whuh are a common feature of the topog- 
raphy m many parts of the state In numerous plaet s these valleys 
are dendntic and, therefore, can hardly be explained as oortstrut- 
tional features of glacial ongm Illustrations of dry valleys which 
may represent shallow stream dissection are presented m the sketch 
map, Figure 2, and in Plate I, Figure 1 The disappearance of the 
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streams pcwsibly occurred dunng the dry or praine period, and the 
precipitation ha« not wnce incnaacd suffidently to restore them 

It IS possible that dunng this dry stage there was a general shrink- 
age in the volume of water in th( inland lake basins also There is 
good evidence that many lakes once stood at higher levels The ar- 
gument may be advanced that extinction of lakes and the recession 
of water levels could have Ix^n caused entirely by filling by acpuitu 
vegetation and by natural drainage effected by the downcutting of 
streams However, there are numerous basins which do not have 
stream outlets, !)ut whioli exhibit good evidence that water levels at 
one time stood much higher than at present This evidence c onsists 
of thin mucky soil, not underlain by water or by the residue of purely 
aquatta vegetation , of dry marl deposits of lacustrine origin , and of 
soil profiles now relatively dry, but which exhibit features character- 
istic of a wet or water-covered site There are numerous mstancen 
of former lakes which now contain no water at all and m which any 
peat that may have accumulated has disappeared or has b(*en com- 
pletely changed to a mineral soil Some of these dry lake basins, 
particularly on the outwaah plains in Muskegon, Oceana, and Ne- 
waygo counties, exist at present as small praines, having thick dark- 
colored humous soil The soil profile could not have formed under 
the present climate on dry sand parent material, and it is perhaps of 
significance that species of Opuntia, Andropogon, Artemisia, and 
Astragalus, and other species common on the praine land of states 
to the westward, are growing here 

Dunng this predicated relatively dry and wanner interval most 
of the old and higher dunes along the shore of Lake Michigan may 
have l>een formed, and likewise the features clearly of wind origin on 
some of the dry sandy plains inland Also, it is possible to explain 
by this warmer penod the far northward advance of the common 
northern hardwoods, such as the sugar maple, the beech, and the 
oaks, and in particular the sparse occurrence of sassafras, as far 
north as Manistee and Clare countiea, and butternut in the upper 
part of the state We might also assume that the sugar maple, the 
beech, and other hardwoods were able to establish themselves on 
what are now dry sites in the northern part of the state, and that 
these hardwood species were at one tune more widely distributed 
thkn at present 

Probably the most cogent pedologic evidence of changes in cli- 
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mate since glaciai times is the podsol profile which is common on 
dry or ell-drained sandy land in the upper portion of the state 
This particular soil profile is charactenetd by a gray or whitish 
highly leached honaon of sand or silt, underlain by a yellowish, 
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brown^ or unitM*r-( oJored honzon, in which the coloring matUr i« 
largely organic and which may contain a segregation of iron oxides 
and may or may not be cemented This orterdc or ortstein horizon 
occasionally reaches an extreme thickness of four or five feet, but is 
generally from six to twenty inches thick If we assume cold condi- 
tions succeeding the final retreat of the ice sheet in the southern part 
of the state, tundra and podsol soils must have been present at one 
time Those have now completely disappearc^d except for relict fea- 
tures in some of the profiles In the northern part of the Southern 
Peninsula the podsol profile on the drier or better-drained land prob- 
ably occupies not more than half of the area, but in the Upper Penin- 
sula it covers perhaps as much as 76 per cent The simple geographic 
fact of distribution of this soil profile is evidence within itself of 
changes in climate The distribution of relatn ely dry podsol soils is 
illustrated on the map, Figure 3, and the Odurrcnce of an ortsttin 
honzon on a high dry ridge of sand is illustrated in Plate I, Figure 2 

In short, the soil profiles of the state appear to exhibit as many 
features inherited from past climates as from the present There are 
dry, hardwood podeols, such as the Kalkaska and Autram soil types, 
profiles which are charactenstic of waterlogged podsols and swamp 
soils, but whuh are now on dry sites, oxidised red clayey B honz<Hi» 
typical of a warmer climate than the present, and dark-colored 
humous soils which developed under a grass or treeless cover 

MicmoAH Statu Colcxos 
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THE GEOGRAPHY OF A PART OF THE 
NORTHWEST CUMBERLAND PLATEAU 

OF KENTUCKY 

PART I PHYSICAL GEOGRAPHY* 

ILONABP B WILSON 
INTRODUCTION 

T HF western limit of the Northwent Cumberland Plateau is the 
steep, heavily forested Pottsville escarpment which rises from 
the Highland Him as a physical barner to travel (Fig 1) This 
es(ari>m( nt provides a physiographic, as well as a geologic, boundary 
between tlu maturt ly dissected Cumberland Plateau and the lowt r 
lauds to th( west It has served, also, from earliest times, as a 
barner to the mo\ement of the occupants 

The area is one of the more colorful histoncal parts of the Umt( d 
States Ihe majority of the inhabitants are dinet descendants of 
the pioneer famihes who entered the wilderntss, prior to 1800, through 
Cumberland Gap and moved northward along Wilderness Trail 
and Boone's Trace from the Valley of Virginia to isolated valleys of 
the plateau Nor did the historical interest of the “Kentucky 
Mountains culminate m the frontier era In 1862 the northern 
advance of the Confederate armies was halted m this part of the 
plateau because of the inability of the supply divisions to maintain 
their routes of communication This was caused m part at least by 
the mature dissection of the area 

Although long settled, this land is still in the process of expan- 
sion Lsolated from more recent lines of communication, the North- 
west Cumberland J^teau has remamed practically untouched b> 
the spread of agneultural and industnal developments in eastern 
United States Centrally located In the eastern part of the country, 

* It is hoped that Part U, “CuHiiral Gleography/* wfU appear lA a later 
volume in this series 
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it haw b(tn ( harac t( riz( (I tus lyitiR \Mthin the C fa rhinatu zone ‘ 
Hfre the native \eg(tatum is composed of mixed hardwexid tn< 
associations In some st < tions this typical native cover is interrupted 
liy stands of yellow pine, outliers of the houthern pinery 

IIMIFB OF THF ARF A 

1 he actual limits of the area under ee)n‘*ide ration dei not corre- 
spond in any way to physical or cultural boundarus Because of 



the size of the Northwest Cumberland Plateau, about 6,000 square 
miles, as well as the absene c of roads, the present study was re st noted 
to a representative part of it An arbitrary triangle of land lying 
Im tween Burnside, Monticello, and Stearns was chosen * (Fig 2) 

Ihe triangle covers an area of approximately 500 square miles 
It (onsists of eastern Wayne County and the southern half of Pulaski 

* BB'r acbording to Thomthwalte'a olassifie atlon of ellmatoa See Thom- 
thwaite, C W “The Climates of North America,’' The Oeographuxil Review^ 
Vol 21. No 4, pi 3 1931 

■ Burnside is in Pulaski County, Monticello is the oounty seat of Wayne 
County, and Hteams is the largest town in McCreary County The Iwt two 
coimties are In the southernmost range of counties in Kentucky, Pulaski is 
diroctly north and adioins them 
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County a« well as the western half of M( Creary County The aver- 
age eUvation w about 1,200 feet, with an average lo<al relief of 400 
feet Throughout the triangle the surface rock is Rockcastle Con- 
glomerate, a resistant coarse-grained sandstone, deposited during the 
Mississippian period and later uplifted Because of the dip of th< 
deposits of the conglomerate, as well as of the underlying limestones, 
It IS apparent that uplift was stronger on the western margin of the 
area than on the eastern In spite of tlu direction of uplift the 
higher portions of the area are m the eastern section This lack of 
relationship between the rock strata and surface elevations suggests 
that the surface was originally a peneplain 

DRAlNAOb 

1 he area in question is a part of tht watt rshed of the Cumlier- 
iand River, one of the largest tributaries of the Oluo River In its 
upper reaches the Cumberland divides at Burnside into tht North 
Fork and the South Fork Here the South Fork flows m a meander- 
ing course northward from Tennessee, dividing the tnangle into two 
nearly equal parts 

The principal tributary of the South Fork is the Little South 
kork Large meanders which occur m both streams indicate that 
at one time they had reached maturity Howe\er, a more recent 
uplift of the plateau has upset the balance of these nvers, so that 
they are once more cutting downward in their beds In places this 
intrench men t is very advanced, neither has reached maturity in the 
present cycle of erosion 

The smaller tnbutanes of these streams are all youthful Drain- 
ing only local portions of the area, they do not reflect the complex 
nature of the rivers into which they flow In the western part of the 
area, where the Hockciwtle Conglomerate has been eroded exposing 
the underlying limestone deposits, karst drainage is prevalent In 
nearly every instance the tnbutanes cnt< r the major streams from a 
higher level, so that small waterfalls are characteristic of the tnangle 

The flow of the streams is regular, with only minor seasonal 
changes in regimen The maximum nse, known lo^ly as a 
occurred in 1917, with a record increase m the level of the Cumber- 
land River of 52 8 feet at Burnside Fortunately the intrenched 
chm-acter of the maior streams confined the fl(^waters to the 
immediate vicinity of the nver and, aside from covenng the best 
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agricultural laud, which is ou the river flats, the muadatiou did 
little damage 

The drainage of the plateau proper i« of a dendritic type In the 
larger reentrants into the plateau, however, erosion has advanced 
enough to permeate the limestone deposits, whi< h are t liaracteristio 
of thf Highland Hun Here mature karst feature s have develojicfl 
In nil instamts tlio karst drainage is close to the Highland Rim 

SUBFACE CONPIOXIHATION 

On the jx'neplain surface of the tnangh the South Fork of the 
Cumberland River and its tributanos have been tuiwi agents of 
erosion, so that the surface is no longer that of a plum In general, it 
has bet n lowe red until the area presents the maximum of relief and 
the rounded uiterfluves associated with the mature stage of erosion 
Several kmds of surface, directly related to the underlying struc- 
ture, can be observed The plateau was originally capptnl by tlu 
Rockcastle Conglomerate Ihis rock, which extends from north- 
eastern Kentucky through Tennessee, has been desc nbod as a heavy 
bed of sandstone or conglomerate “ It is c harac teristu ally a jiebbly 
and gravelly conglomerate and vanes m thickness from 100 feet to 
[nearly] atro at the margins of the plateau 

T)ie unevenness of the deposit is caused, in part, by erosion Near 
the border of the plateau erosion has advanced to a later stage than 
withm the area Consequently the chff-making roik has been 
btnpped from the surface at im uneven rate Tlu presence or the 
absence of this deposit makes the greatest dtffircnce in the conflg- 
uration of the surface and divides the triangle into two major dis- 
tnets In sections where the conglomerate is a lapping rook the 
cycle of erosion baa been retarded, so that flat-topped mttrfluves, 
more cliaractenstic of youth, are separated from mature valleys by 
vertical cliffs nsing as much as two hundred feet (PI I, Fig 1) 
Where the Rockcastle deposit has been removed, or reduced to a 
small remnant, the surface assumes a mature profile, with wider, 
flatter valleys and rounded interfluves (PI I, Fig 2) 

On the surface configuration miq;> (Rg 3) the extent of the con- 
glomerate may be noted by the predominance of flaVtopped inter- 
fluves m the area southeast of the South Fork of the Cumberload 

* Th$ Oecioetc AUm q$ the Untied Siniee London Fohot Keniuckj/, V 8 G S 
(Library ISdiUoii, Waabington, DC, 1889), p 8 
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River Though it is true that a luimber of flat-topped areas are 
represented on other parts of the map, the gnatest concentration 
appears in the southeast In the vicinity of the nver, however, 
mature rounded tops indicate the lack of conglomerate 

The Roekc astle Conglomerate is underlain hy two kinds of lime- 
stone, the St Genevieve and the St Louis In areas where the con- 
glomerate has been removed these form the surface rocks There is 
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little or no appruiablo differuut ni the siirfiut eonfiKuralion in the 
parts of the triangle dominated hy either t>f these deposits Roth 
ha\c essentially the same resistance to erosion and as a result, sim- 
ilar profiles The basic difference between the flat-topped interfluve 
an as and the distiiets of re^sidual slojx? is e losely ulate d to the se tuo 
roe ks 

In addilum to these two major surface dn isions smallcT amounts 
of land have been elassified as colluvial sloj^es This subduisuin is 
not direetly i dated to surfieial rock deposits, but unplies that the 
sloi>eh result from sod wash and are gentler It breaks the othei- 
wise sliarp line that sejiaiates the resuiual slopes from the ailuviai 
lands 

Alluvial flats and alluvial bottom lands constitute the two final 
subelivisiemH of surfae e configuration 1 he former an its are restru te d 
to the immediate vieinity of the two major streams and, in ge ne ral, 
are the Inst agricultural lands They are not only highly fertile, but 
have the added advantage of lying in eomparative ly large level 
tracts lh( alluvial flats are roughly scroll-shajiee^, as may be seen 
on the map (Fig 1), and art typical of the mature stage of stream 
erosion It is possible to divide these detiosits into upper and lower 
flats, depending upon the ( ye le m whu h they wen laid down Briefly, 
the upper flats aie older, less fertile areas related to the deposits of 
the Little South l*ork and the South hork of the C mnberlaud River 
and were eie posited prior to the last uplifting of the plateau Ihe 
lower flats represent recent d<t>osits made since the last uplift, they 
are separated from the upiiei flats by a vertical distaiue of approx- 
imately ten feet Ihese flats are affeeteel by the annual use of the 
nvtr, and in this nsjieet iliffei from the upjKr flats, they in more 
fertile but smaller 

In eontrast to the alluvial flats the alluvial bottoms are small and 
are relaU'd to the mmor tributary streams Although theses areas 
are also the result of stream deixisit, they diffe r from the flats in that 
they are narrow and are eonfined to the valley bottoms Ihey an^ 
composed of a thm veneer covering the underlying rock Replen- 
ished each year by the overflowing of the creeks, they like the flats, 
are classed as supenor agricultural lands AVlure the Rockcastle 
Congkmierate e outrola erosion these Iwttoins are very small, whereas 
m the round-topped areas mdieated by the residual slope olassifiea- 
tion they are somewhat larger On the se lands and on the alluvial 
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flats and alluvial bottoms is found the only soil capable of support- 
ing continuous agricultural production 

softs 

Most of the soils of the tnangle are residual^ the pat( hes of allu- 
vial soils are confined to the vicinity of the streams The rc sidual 
soils were formed by the weathering of sedimentary rocks, whuh 
inherently are not capable of produc mg fertile soils * 

All soils derived from the Rock( astle Conglomerate are thin and 
sandy They tend to dry out rapidly b< < ause of their porous nature, 
this gives the plateau an aspect of moisture deficiency dunng dry 
wiather In contrast, dunng and unmediately after precipitation 
these areas seem to bo saturated Because of a small amount of 
clay m the soils they are very slick when wet They range from a 
thin layer to eight inches Confined to the plateau top, they are 
deficient m humus, highly kached, and light yellow These soils are 
entirely unsuited to present-day methods of agnculture 

The soils of the remdual slope areas, produced by the weathering 
of Umestone, are usually resolved into heavy soils and are underlam 
by dark red clays Qood drainage is typical of those areas The 
soils, which have been classified as sandy loams, rest on tight clay 
subsoils * Although they cannot be considered first-class agnoultural 
soils, It IS possible to produce good crops on them in areas of little 
slope Unfortunately, the latter condition does not prevail m the 
triangle, where, bemg located on the valley slopes, they wash badly, 
especially under agnrultural use In many parts the entire A 
honaon has been removed by sheet erosion and the bright red sub- 
soil exposed 

Erosion is a very senous prohlim Both sheet and gully erosion 
are year-round processes In spite of attempts by the state to exer- 
cise control, little has been accomplished Sheet erosion may be en- 
countered in all sections of the triangle, gully erosion is characteristic 
of all but the alluvial sods (PI II, Fig 1) In many parts crop land 

* In the absence of any soU survay for the counties under consideration a 
generalised distributiou of soils may be inferred from the surface oonflguration 
map (Fig S> 

* A more detailed description of the chemical components of these soiU may 
be found In S D Averitt, Tke of Kentucky, Kentucky Agricultural Ex- 
periment Station, State University, Lextogton, Kentucky, BuH l^xington, 
Kentucky, 1915 
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has been Henously rediued by the removal of the lop soil In these 
localities the land is promptly abandoned No attempts are made 
to prevent such land from eroding further 

From these washing slopes, and from the streams as well, an 
apron has been built up around the base of each ndge and outlier 
The name colluvial soils has been given to this combination of 
IcKai and nver deposits They correspond closely to the classifica- 
tion “colluvial slope” and may be charactenacd as being light yellow 
sandy clay A largo |)or<entage of the agncultural production is 
earned on in these areas 

Alluvial soils arc found m the valley bottoms, they are the only 
ones within the tnangle capable of supporting agnculturc year aft< r 
year Deposited by streams during flood, they receive a fresh supply 
of sod and organic material which maintams their fertility Ihus 
Ihey refleit the heterogeneous character of the rocks through which 
the streams flow They are a light brown sandy loam 

The inhabitants of the area realiae that these soils are suiKnor, 
and their excellcnco is reflected m the increased price of alluvial lands, 
m spite of their being the most isolated In many parts of the tn- 
angle attempts have been made to enlarge the available alluvial de- 
posits This IS done by throwing a rock or log dam across the bed of 
a cret k whu h drains the hollow Dunng spnng floods these obstruc- 
tions check the flow of water and cause the transported matenal to 
be deposited above the dam (PI II, Fig 2) Over a period of years 
the creek may build up the depomts to a height of ten or fifteen feet 
In one hollow which has been settled well over a hundred years the 
farmers no longer cultivate the slopes, but prefer to concentrate tluir 
efforts on the supenor alluvial soils obtaim d m this manner 

CLIMATE AND VBOXTATION 

The elimagraph presented indieates that the climatic (conditions 
are representative of a Cfa (BB'r) type of dimate (Fig 4) The pre- 
cipitation IS regular, with no pronounced dry season The mean 
annual temperature of the tnangle is between 66 1® F and 67 6® F 
The wannest weather is in July, the coldest, m February Usually 
the temperature is mild, although days of extreme heat (above KXl® F ) 
and cold (below 0® F ) do occur Data on frost and length of grow- 
ing season indicate that the average number of continuous frost-free 
days IS 189 
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Although thr (ovtr map (iMg 5) nfltfts tlu broiid( r (hnmtn 
t hara( tonstu s of tlu ana, the (htaihnl distributioti of \(gotation is 
nion tlostly nlated to the (duphu ihnieiits flu out(rop of tlu 
Ro( ki istle ( onglomoratf is marktul by a chant t eristic growth 
(PI III) On this land may be found the true mountain flora ® 


CLIMAGRAPH OF EUBANK, KENTUCKY 
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mombtrs of this a«HociatU)n include whiU pine, yellow 
pine, (hestnut, and gumwood In the valleys spruce, hemlock and 
pine are most common 1 he smaller trees are rhododendron laurel, 
sourwood, and mountain magnolia known locally as “cm umber 
tree ” In addition, huckleberry, blackberry, and trailing arbutus 
are present Arbutus clings to the cliffs of the Rockcastle Conglom- 
erate and IS not found in adjoining areas 

• Miller, A M , The Geoloffj/ qf KeiUucky p 115 Department of Geology 
and Forestry, Itnwerwty of Kentucky, Lexmgton, Keutu<ky, 1919 
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Parts of the triangle not (oiitrolkd by th( < ongUmw raU support 
a normal hardwood growth The dominant trees ari as follows ^ 

Percentage 

Hickory jgt 

Chestnut-oak 33 9 

Baaflwood 10 0 

’i ellow poplar 29 0 

’ kigurcH taken from Poretsiry in Ih^ Bconomxc fj^e of hnolt County Kentucky, 
Kentucky ARrnultural Ixperiment Station Unlvornlty of Kontucky, Bull 826 
T^ington, Kentucky, 1982 
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Other trees present in small numbers are black oak, white oak, blar k 
gum, and red maple Hemlock, also, is sparse, and a marked correla- 
tion between it and local limestone outcrops was noted The true 
chestnut, which was formerly an important member of the associa- 
tion, has been almost entirely removed by blight According to the 
Umversity of Kentucky, 97 fier cent of the few remaming trees are 
senously infected 

CAai»TON CoLtwau 
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PROTOTRETA, A NEW GENUS OF BRACHIO- 
POD FROM THE MIDDLE CAMBRIAN 

OF MONTANA 

W CHARLES BELL 

T he genuH Acroireia wa« doMcnbod m 1848 by Kutor^^a, who as- 
Higned three nijenes to it Of these, A subcomca Kutorga from 
the Ordovician of Ruaaia was selected by Hall and Clarke in 1892 an 
the genotype Kutorga baaed hw deacnption of A subcontca on four 
Hpecimens, which showed only the exterior of the shell, no other ex- 
amples of the species have since been collected from eitlier the type 
locality or strata m Russia Prior to 1912 several species from the 
Cambnan and lower Ordovician rocks of North Amenca had fieen 
assigned to the genus on the basis of external similarity The in- 
ternal features of some of these species were known and came to be 
accepted by American paleontologists as characteristic of AenUreia 
As a result, when Walcott prepared the most recent diagnosis of the 
genus, in 1912, be based his dehnition almost entirely on North 
Ameacan species 

J A Thomson (1927, p 120) states m a discussion of the genus 
concept as related to the brachiopods *‘The importance of a full 
knowledge of the genotype becomes evident, for generic classifi- 
cation of a species is not so much a process of ascertainmg whether 
the species possesses the characters which have been claimed to hold 
good for the genus, as a process of comparing the species with the 
genotype in order to estimate its prc^able relationship through 
descent ** The question therefore arises '^What are the charae- 
tenstics the genus Acroireia as typified by the ffenoiypef* Un- 
fortunately, our incomplete knowledge of A eobcomca {Secludes a 
satisfactory answer Upon what basis, then, have there bc^n assigned 
to the genus Aerotrski some fifty^ix species and eleven varieties, al- 
most without exception differentiated by means of variations m the 
external characters of the ventral valve? Walcott, who Is entirely 

408 
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ns|M>nsil)l( f(H lh( pKMiit (OHMlitutioii of th( gfiuis, iiuluded withm 
d sjxcu*' lo \\hKh th< follow ing definition ^ould bo applied Vontral 
\alv( lorneous inoic oi l( ss highly eonn al and |)onotiaUd it oi ntar 
the ai>ox by a nnnuto foraim n lx low whioh the poatonor Mirfaet e>f 
the oono is more or less fiatteiud oi gnwnod dorsal \alv( flat or 
slightly ronvex Obviously this dofanition takes into e onsideration 
onl> oxtornai (haraeters atiel is liased ejn the suppeisitiein that wupe r- 
fieial e xte rnal rose mblince to one inothe r among a numboi of specie s 
constitutes ge ne ne roktionnhip In the writer’s opinieai the Himilar 
external form (oininou to niost sfieeus of \(roireta may well ha\( 
re suite (1 t hrough polyphyle tic ele ve Itiprne nt 

\niong the brachiopods internal e haraeters are admittedly e)f 
superior value in induating relationships The internal eharaeters 
of Atroiieta have t>efn essentially disregareled, so far as appheatmn 
to ( lassifieation is eoneerned hrom Walcott's figures it is apparent 
that not all speeies eef the genus have similar intenors It is also 
apparent that the s^ieties ean lie separated into several groups 
w ithni I ae h of whu h the mtornal characters are fairly e onstant 1 he 
writer is eonfident that these groups, whieh probafdy are of generie 
rank will lie found to ixissess greater stratigraphic signifieanee than 
the genus icrotreta as now defined 

The me ompieteness of our present knowledge of the orders Atrc- 
inata and Neotremata is dm primarily to meehanital diffieulties 
in the teehnic^ue of preparation Iho shells are small (2-10 mm m 
length), extremely delicate stuie turally, and e ale areophosphatie in 
e omposition Clf an mg the she Ils with an acid or a base is see mingly 
inifKissihle, and met harm al methoeis are suce cssful only when the 
matrix is relatively nonresistant to the needle In the writer’s expe*- 
nenec se nal se ( tioning is the only method which will yield a knowl- 
edge f)f internal ehaiaeters in almost all eases Apparently this 
method has not heretofore been used in studying the Atremata and 
the Neotremata, and it is recommended as a means of increasing our 
knowledge of the se groups 

On the supjiOKition that < haraeters of genenc rank arc to l>e found 
in the dorsal mte nor of the Neotremata the wnter proposes to de- 
Hcnbo a new genus, Prototreta, which is externally a homtomorph of 
Acroireia Bt^eause not all the known speeies have been adequately 
studied, and liecause the ventral interior is not yet well known, at 
present it is impossible to give a complete descnption of the genus 
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Im ttiiH proliminary annouiKenicnt it is planiM d to oidluic llio printi- 
pal Ktncnc (haratttrs and to dfsignatf and figurr a gonotypo 

OENFKic niAGNoaiH Ve^itrol valve — ( alcarfophosphatic ((ollo- 
pliano), highly (onual, and {lonetratod at tht posterior Hide of th( 
ap( X Ijy a niiriuti foramen, below which a groove extends to the 
margin of tin \al\e (PI I, higs 1~2) Interior unknown Dorsal 
valve “ Flat or gt ntly convex, with a nunutf mirginal apex (PI I, 
Fig i) Interior (PI 1 hig 4) with posterolateral margins thi( kened 
into flat triangiilai aua^ (for each of wlinh the name proparea^ la 
proposed) oriented strongly anae line , uhich border a broad central 
groov e wliose maigins diverge ante riorly fiom the ape \ approximately 
at right inglf'h, prominent median septum v\hieh, in ante nor part of 
\ alve , e xpands laterally and vertie ally into a strong plate, from wine h 
extend six or more finger-like piojections Muscle sears eliagrarn- 
matieally represented m Plate I, figure 5 

Dtploiype — Prototreta trapeza, sp nov (Pl I, Fig 4), e ita 
loguc numlier 15.15, Museum of Paleontedogy, Memtana State Uni- 
versity, Mxasoula, Montana 

Ocrurretue — Middle Cmnhrim, Bathyunscus zone in basal part 
of Meagher limestone Nixon Guleh, approximate ly six miles north of 
Manhattan in SW i See 23 1 2 N , H 3 F , Three Forks Quad- 
rangle, Montana Locality 45 zone 3a Montana Bureau of Mines 
and Geology (* leieality 19z, U H Nat Mus ) which is at the same 
stratigraphic position as, and 1,500 feet N 12® W from, locality 45, 
zone 3, of Deiss (1936, p 1314) 

The dorsal valve of Prototre-ta is inorphologu ally uniepu Its 
particular type of |wstenor margin, called pseudointerarea by Sehu- 
ehert and Cooper (1932, p 20), simulates e lose ly the pse udointe rare a 
found in the ventral valves of Obolm and / ingulella of the Atremata 
It is assumed that in the Atremata the jicdielp protruded Ik tween 
the valves through the groove borde^red by the propareas, but it is 
believed that in the Neotremata, to which Prototreta appare fitly be- 
longs, the pediele protruded through the foramen at the apex of the 
ventral v alve Both a ventral forame n and a dorsal grcKive, whie h 
IS apparently analogous to the ventral pediele gniove of the Atre- 
mata, appear m Preiotrda At present the writer cannot account 
for this anomalous condition More must Ik* known concerning 

* The term “propurea” is proiK>sed os a deist nptive name for each half of 
the pseudolnterarea when a pedicle groove divides it mto two parts 
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tho ventral valv( of Proiotreta before even a tentatue explanation 
can be made 

Many speciPR of Arrolreta ha\e a median septum in the dorsal 
valve This septum, which is described and fif^ured by Walcott as a 
simple, straight, low ndg( of varying length, has been practically 
Ignored in classification Nearly all the knowledge concerning it has 
been derived from internal molds The development of th( septum 
m Prototreta is striking and, to the writer's knowledge, without 
parallel in any other hraehiopod In life the strueture extended into 
the interior of the ventral valve, but its function is not ( lear Muscle 
impressions apparently are present upon the septum (a (ondition 
unknown in Arrolreta) at the baw of the expanded plate, but no 
roughened areas, mduating the former attachment of tissue, have 
been observed upon the finger-hke projections 

Sears whifh unquestionably served as points of muscle attach* 
nunt in the dorsal valve have been observed only on the visceral 
face of the thickened peeudouiterarea One pair of \ aguely outlined 
scars adjoin the inner margins of the propareas Another pair, 
clearly outlined and deeply incised, occur below the lateral visceral 
margins of the ** pedicle " groov e This muscle pattern differs greatly 
from that regarded by Walcott as typical of Arrolreta He noted the 
presenet of one pair of muscle luherriee at the piosterolateral margins 
of the valve and of another pair bordenng the median septum near 
the center of the valve 

Proiotreta has the external chara< ters of Acroireta as conceived 
by Kutorga It may be claimed that Protolreta should therefore 
remain included in Acrotreia until it can be proved that the mtenor 
of A euheontea Kutorga is distinct from that of the Montana genus 
The writer grants the justice of this claim, but offers the following 
defense If he is correct m his belief that gencnc characters are to 
be found in the morphology of the dorsal interior^ then more than 
one genus is included among the species now assigned to Acroireta 
Cvertamly the species from Utah, assigned by Walcott to Acroireta, 
possess dorsal mtenors radically different from those of Prototreta, 
and both differ from the species of the Appalachian province In the 
writer's opinion it w desirable to separate as soon as possible the 
icrotretae of North Amenca into more accurately defined generic 
groups, and thus to make them valuable for stratigraphic correlation 
Because of their unreliability in correlation they are at present 



407 


Prototreta, a New Genus of Brachiopod 

almost Ignored by Cambrian stratigraphers If, in the future, one 
of the new genera w found to be identical with 4 mbrornca from 
Rufwia, the new name may be relegated to the synonymy of Acrotreta 

ACKNOWLLDQMENT8 

The writer is grateful to Professors G M Ehkrs and 1> C Case, 
of the University of Michigan, for kindly ad\ ict and critu ism during 
the writing of this paper The sptfirnens studied were generously 
loaned by the Montana Buriau of Mines and Geology 

UwiVJBIWXTY or Mit UIQAN 


BIBLIOGRAPHY 

Dbihs, ( HARUBs 1936 Reviaion of Type Cambrian formations and SertUms 
of Montana and Yellowstone National Park Bull Qeol Soc Am , 
47 1267-1342 

Hali , Jambs, and Clarkb, J M 1892 An Introduction to the Study of the 
Oenera of PalaeoxoJc Brachiopoda Nat Hwt New York, Palaeon- 
tology, 8, Part 1 

Bchoohbrt, Crahumi, and Coopbr, G a 1932 Brachiopod Genera of the 
Suborders Orthoidca and Pentameroidea Mem Peabody Mu» Nat 
Hut , 4, Part 1 

Thomson, T A 1927 Brachiopod Morphology and Genera, Tertiary and 
Recent Wellington Museum, Domimon Museum, New Zealand Board 
of Science and Art, Manual No 7 

Walcott, C D 1912 Cambrian Brachiopoda U S Geol Surv , Mon 61 



408 


IV Charles Bell 


EXPLANAIION <)1< PLATP I 

All wpecnncns figured aio prestrvtHl ni tli« Mu«pum of Paleontology, Mon 
tana Stall Univi rnity Minsoula Montana 

Prototreta trapeza* gen et sp nov 

f los 1 2 Apiial and poetenor vn wh of an almost perfect vtntral valve Note 
foramen on po«terior aides of apex in I igurt 2 X 0 (No 15d4a) 

Middle Cambiian, Pentagon hhali, locality 26, zone 4, Continental Dividt 
I^ewiH and Clark range, above head of South Hork of I lek Creek, tn Sou 
18, r 24 N , ft n W , Montana 

C 1(3 3 Apkal view of a well prenerved dorzal valve, nhowing the deip suhus, 
apparently a hpc( I hi charattii X 8 (No 1534b) 

26, zone 4 

}<ia 4 Interior of a dorual valvt, nhowing proparcoK groove, and expanded 
median Hcptum X 9 Diplotyjie (No 1535) Thw valve appartntly ih 
identical with, but better pre^rved than, dortaU valvez from locality 26 
rune 4 

]xH.ality 46, zone 3u (aee |»ag(! 405) 

10 5 Diagrammatic representation of the pacudointeraroa and expanded 
median eeptum characteristic of Praittlrfia Note muacle aeara, which arc 
crosuhatrhed , those on septum are doubtful 

1*10 6 Drawings of serial sections through a dorsal valve of Prototreta trapeta 






AdDIZlNCi IN MK^HIGAN, 1912-37 

IhONAKD C CllAMHI HI AIN, Jr,* AND PAl I r HlZGhHAl Dt 


INTRODUC nON 

A cidizing had its early (<mimereial deM-lopiru nl iii Mirliigan 
L 1 ht HUCcCHHful trcatnunt of Th( Pure Oil C oinpatiy^s l^ox 
No 6 in tho C’hippt v^a-Greeiulah pool iMgan in Fdiruary 1032, 
th< indudry ^^hl(ll now known oa “afidizing In tho five years 
siiKo this wtll was tr(aUd tht process has spnad to every oil field 
in tht ITnittd Stales C’‘anada, and Mtxito where production occurs 
in formations that are suseeptiblc to it In 1036 there we re approx- 
imately 5 0(M) treatments, whith used 1(),0(M),()(K) gallons of at id 

HISTOKY 

i he early history and the results of aeidizing in Michigan were 
deseriljcd by Newcombe (2), Covtll (1), ami others Comments and 
speeulatmns made in these pa^iers yield an interesting biusis for a 
comparison of equipment, technupH and materials used then aiiel 
now figure 1, Plate I, shows one of the original treating units 
ligure 2, Plate 1, illustrates one of the pie sent units, into which is 
built the expenenee of the last five ye ars It is faster more reliable , 
tames more at id, and is ecpnpped with pumps eapable e>f larger 
volume and higher pressure lakewist stations havt changed from 
the temporary quarters used m 1933, as shown m figure J Plate I, 
to the permanent type exemplified by the new station it Mt Pleasaiit , 
Mifhigan, as shown m Figures 1-2, Plate II 

It was agreed then, as it is now, that aeidizmgmadt for worth- 
while inereases m yield in most Mi< higan wt 11s, except m thewe pro- 
due mg from the Berea sandstone It was {Kwnted out, however, that 
re-treatments were not so successful as first treatments, and specu- 
lations were advanced on the possibilities of the presence of “socond- 

* Physical Iloaearch Laboratory, The Dow C hcmiral Company, Midland, 
Michigan 

t Dowell, Incorporated, Tulrnty Oklahoma. 
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ary reactions” and on thtir tfifect in wcIIh whnh were Hhut in for 24 
to 36 hours after treatimnt 

Since then tlie answer to successful re-treating has been denion- 
stratod to be a matter of directing the acid into tighter, unspent 
anas and away from the porous section which was ofioned by th( 
first tn atment 1 he secondary reactions have been found to consist 
mainly of a re-procipitation of metal hydrates and calcium < arbonate 
The metal oxidts are dissolved from the formation by the fnsh acid 
and are dropped in flocculeat form whenever the acid remains too 



long in (^intact with the limestone The calcium carbonate is first 
dissolved by long contact with the carbon dioxide generated from the 
primary reaction, and is laid down again when the pressure is finally 
released at the resumption of production 

The ( hief differences, then, between acidising as first used and as 
now practiced m Michigan are the methods of directing acid into the 
tighter, more saturated portions of the formation and the combination 
of newer acids and technique to effect a mueh shorter treatment, 
safer from the dangers of re-precipitation Wells are now put into 
production in Michigan within less than two hours after acidising 
In 1932 about six chemical agents were applied m acidising 
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Each year since an average of two additional (InmnolH has been 
added, which has improved the scope of this servu e Tlu r( are now 
some fifteen different chemical agents regularly n quin d m acidizing 
oil and gas wells 

Figure 1 shows tht yearly record of the growth of acidizing, one 
curve indicates the number of rhemical agents in use and the other 
the number of treating stations established lo the inhibited hydro- 
chloric acid ' and the well-known Paraffin Solvent’* and “Blanket,” ^ 
with which the start was made, there were soon added the “Brine 
Seal” for prevention of water increase, “Bnne Plug” to prevent 
action on lead plugs, and a mixture known as “Rock and Paraffin 
Solvent ” Then came the addition of bifluondes * to increase the 
action of acid on sihccous and dolomitic limestones, the Lime 
l*iller “A” as a directing agent in rc-treatinents , and “XG,”* a 
special acid for “gyp” removal Finally, there were put into use the 
“XF”* and “XW” acids, containing phenol, oresols, and alcohols, 
to facilitate penetration and subsequent removal of add, and the 
“Jelly Seal,”® which has largely replaced Filler “A” and which 
iH the most successful aid yet introduced for acid direction m re- 
treatments 

Similar stndcs have been made in testing and research Irom 
reliance on chemical analyses and solubility tests acidizing has gone 
to controlled flow tests on tores to determine the advisability of the 
process and, to some degree, the type of agent and the technique to 
be used Likewise, research efforts have increased until there are 
now three fully equipped laboratones, where before there was one 
such, devoted to the mamtenanco and improvement of acidizing 
processes Figure 3, Plate II, shows one of these laboratones in 
which may be seen a battery of core^estmg apparatus for checking 
acidizing procedure 

* Grebe, J J , snd Sanford, R T , “Treatment of Deep Wells * Septem- 
ber 13, 1932, V S 1,877,604. 

* Grebe, i J , ” Method of Treating Wells with Acids “ June 27, 1933 
U S 1 910,132 

* Heath, Sheldon, and Fry, William, “Arid Treating ' August 20, 1936, 
XJ S 2,011,679 

* Grebe, J J , “Treatment of WcOis “ January 29, 1936, U S 1,989,479 

“ Chamberlain, U C, “Treatment of WeJU.“ December 17, 1986. V a 

2,024,718 

* Grebe, J J , and Stoewef, a M , “Treatment of Deep Wells “ April 33, 
1936» U a 1,998,756 
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SOMf MICHICAN DATA 

Only a ft w acid tests have hot n made on cores from Mu higan oil- 
profJunng formations Somt tort a art a\ailal>le whuh arc large 
enough to provnde sainpUs of a mzt suitable for testing The mtt rest- 
ing results obtained from suth samples are cxeinphfietl by tht follow- 
ing summary of data on two Dundet < ores furnisht d by a major oil 
(ompany (Fig 2) 

rht very great men as( in pt^rnu ability obtained by a doubling of 
the porosity indicates that tiu pores, though large, i\Lre const ricte el 
Poiseuille’s law would induatc a fourfold mcroaM of i>ermeabihty if 


CORE N»6l 
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Fio 2 Acidation of Dundee cores from Greendale, Michigan 

the pt>rL volume of uniformly sized pores was unifeirmly tloubled 
The vast differonre between this theoretieal 4 and the 3,750 times 
actual inorcase is proof that a small amount of inateiial is almost 
completely blocking the flow channels, and is a partial explanation of 
tht fact that results from acidizing have been far above expectation 

The type of core used is shown in Figun 1, Plate III It is one 
me h m diameter and one uich long I he expeKsed e rystals liave been 
only slightly attaeked by the aeiel X-ray analysis proves these 
crystals to be pure dolomite, embedded in a matrix of ealeite The 
acid eats out channels around the blocking crystals Figure 2, Plate 
in, IS a photomicrograph of the face of an uuaeidized core, Figure 3, 
Plate III, that of an acidized one The fine structure of the caleite 
IS apparent m Figure 2, Plate III, whereas in Figure 3, Plate HI, the 
caleite is dissolved away, a process that exposes the sharp corners of 
the less soluble dolomitic crystal ^ 

^ Tbeee are not photographs of the same spot before and after, but are 
typical 
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In 1935 the i>or<<ntage intrtust for tnatments in Mich- 

igan WHK rstimaful at 417 (1) Sint* tlun Morne 7(K) additional acid 
treatmeutH hav( het n gi\tn Complcft records of 12 jxr cent of 
these wells wen available to the authors in tahulaluig th( rtBulth 
that api:)ear in Figure 3, along with other data of intcnst for the 
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Fig 3 Data on acidising in Michigan oil fields 


\ anous fields These results average 964 pi r 1 1 nt inoroast The 
Sherman field in Tsabella County west of Mt Pleasant is a new one 
in which the best treating materials and procedure are ntiJl being 
determined 

Greatest percentage mereases are found in the smaller wells 
All treated wells that make o\er 100 barrels a day, except those m 
the Porter Field, have an average increase of 166 per cent Porter 
wells of 100 barrels or more average 766 per cent mcreaso, whereas 










































414 


Chamberlain and Fitzgerald 

those wells under 100 barrels a day, m all Michigan, have averaged 
1247 per cent since 1936 Quu k-{)enetratmg acids which enter and 
return from the formation more easily, gel compounds used for 
directing agents in re-treatments, and abolishment of shut-m penods 
are largely responsible for the mcnased returns of the last two years 
Phenol, cresyhc acid, and various aliphatu alcohols hav< liecn use<i 
in the HCl to produce the st new effects 

The study of decline turves constitutes the best method of ar- 
riving at the real value of acidizing These curves are made from 



Fio 4 Dec lino curves, Coveil No I 

production figures collected over a long period and give the total 
increased oil output for that period In the figures shown the nor- 
mal decline is designated by the dotted line and the increased oil by 
the orosshatched portion Many such curves have already been pub- 
lished (1) 4) 

In Figure 4 two acid treatments are demonstrated as having 
added 8,700 barrels of oil over and above the 1,216 barrels indicated 
by the normal deelme curve At the normal rate it would have been 
necessary to operate this well five years to get what it produced m 
the 260 days following treatment 

The well from which the data in Figure 6 were denved produced 
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12,460 hamlh o\«r atid ah<»v( fla 7,8(K) bands indi(at(d lor tiu 
IK nod of 240 days 

'^I h( \ronar WoII, from tlu data iii liKun 6 deri\ed, 

r(cov(nd during the sixty days following thi trtatmonts approxi- 
mately 17 000 barrels abovt the nonnal expected prixluction 

Figure 7 dunonstrates what acidizing often does for a ntw well 
which conies in making uncionoinu amounts of oil The first acid 
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titatiiunt, given before a dethne curve had be* n t stabltslied, mad* 
til* well a coinimrtial producer I he second acidizing aclded 1,750 
barrels in 1 5 months, and the third gave an even greatc r return, 6 400 
barrels in 8 months 

( ONCLU8JON8 

Approximately 2,100 acid treatments have been given in Mich- 
igan, or an average of 1 6 for each of the 1,400 commercial oil wells 
that have produced from limestone foimations It is estimated that 
80 per cent of all treatments are commercially successful, and that, 
in proved fields, more than 90 jx'r cent are successful The general 
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staUnunt holdb true today that 75 jar tent or greater aeui solu- 
bility of the prodiuing ro< k formations is dewrabh for good results 
from acidizing and that only a few exeeptieniH have preifiteei iroin 
ae idixuig wells of 25 {k r eent or lt,ss HoUilnlity The rise in the 
average inerease prexluetion due to aeid treatment ik attributed to 
exjienenee whieh eiperators have gamed m knowing when a well is a 
fit subjee t for aeidizing, to new mcthcKiH of directing aeid to unsjient 
pioduetion are aa, and to new aeid solutions and teelmupie whieh 
liavt made it {xissiblc tei sliorteu the time of shut-m fioin thut>-si\ 
hours to a matte r of minute s 
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PRESENT TRENDS IN STUDIES OF THE 
MICHIGAN HURONIAN 

ROBERT M DICKEY 

T he fitiidoit of pre-Cambrian gioIoKy, oomewhat bewildered 
ordinanly by an intncate ma^H of detail and a variety of con- 
flicting opinionHj occasionally finds value m attempts to summarise 
his information and to discern the general lines along whir h researches 
in the subject are proceeding This is very true of investigations of 
the Michigan Huronian roiks, and an effort of this nature is highly 
appropriate during the centennial of the Michigan Geological Survey, 
which has participated ably and honorably in furthenng the growth 
of knowledge of the pro-Cambnan geology of the state 

If, following Leith, ‘ we ngard the Algonkian $is *‘that part of the 
pre-(^ambnan sedimentary column m a particular region to which 
ordinary stratigraphic methods can be applied/’ the Huronian roiks 
of Michigan may be defined as that portion of the Algonkian which 
IS at present stratigraphirally dehimted at its base by the Lp)archean 
Interval and which has its upper stratigraphic temunus in the 
marked eromonal break that preceded the deposition of the elastic 
beds of the Lower Keweenawan The Michigan Huronian proper is, 
in generally accepted present usage, separated mto the Lower, 
Middle, and Upper divisions by means of two well-marked and wide- 
spread unconformities which, although not oharacteneed in many 
places by highly pronounced structural discordances, are neverthe- 
less to our knowledge omnipresent in the known pre-Cambnan of 
the Upper Peninsula 

Smcc the Archean of Michigan, stratigraphically below the Al- 
gonkian, is defined by Leith * as ''the underlying, more or less indi* 
visible, basement complex, oontmning igneous or sedimentary rocks, 
or both, in which ordinary stratigraphic methods do not apply/' the 
base of the Algonkian and that of the Huronian oomcide m the 

* C K , * The Prec (ifeof Soe Am for p. 171 

1034 ^ Ihd 



420 


Robert M Dickei^ 


Intmal By d< howtvrr, this Ixaindary is m 

hfrrntly oik of torniM»rary Uwatioii, f^xinting in its prof^ent position 
only until further d( tailed work and !nipro\(d fidd and laboratory 
motliods sirvc to dotiplur thi ndillis of tin \r(hean and to di- 
piosh thi up|)or limit of the “indivisibh ' baHtnunt eoinpkx R(- 
finciTKiits in methods of study an<l mapping will doubtless danfy 
stratigraphic relationships i^hidi now seun to be almost hoiKlessly 
f oaftised 

A deserved entnism of the pnseut definitions of Arduan and 
Algonkian may be based upon their lack of elasfidty and uixrn their 
potintial failun to answir future re quirt inents For example, a 
pre-Huronian seepunee eonsisting largely of flows, whidi, Ixeause of 
laek of detailed study or by reason of its advaneed metarnorphism, 
has not been \^orked out m the past may some day Ik unraveled 
In such an event it must, if the present terminology is retained, exist 
as a unit left dangling b< tween tin \rdiean and th( Algonkian, un- 
able to filter the fornur division ticfause no Jongfr a |>ortion of the 
mdivisihh basement (omplex or thi latter beeausi not dominantly 
sichinentary 

1 h( (tim “Huionian” as employed m its mixh rn sense (amts 
no (onnotation of agt equivalt ner of minilai rotks m stparated areas, 
but refers latlu r to rot k typt Although not lending itself readily to 
definition m a few words “Huroman typt ^ indudes prt-Cainbnau 
rot k sequenct s w hu h are sust eptible of trt atiiu nt by ordinary strati- 
graphic mt thods and which are largely sedimentary, includuig both 
rlasties and produets of ehemiral prei ipitation, with sidiordinate 
amounts of pyroclastic s and vole anus, all of which have been in- 
durated by processes normal to an anamc^rphu environment 

If then, Huroman is employed as a term descriptive of rock 
type, doubt may be expressed as to the future utility of the desig- 
nations Lower, Middle, and Up|)er Huroman, since these obviously 
have reference to stratigraphu location If, for instance, further 
investigation reveals, as it well may, the existence of a sequence of 
Huroman type unconformably below the base of our present Lowe r 
Huroman, will this sequence be regarded as Lowe r Huroman, and if 
80, how then shall we refer to our present tx>wer and Middle Huro- 
nian? Anothc r possible danger attac hmg to the traditional separa- 
tion of the Huroman into Lower, Middle, and Upper divisions is 
that reluctance will doubtle^ bo felt to recognise any additional 
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irmjor stiatigraplur scqudKi \^hKh may l)f fouiul our knowledRc 
of th( Huronian locks a<i\aiic(s In the pnstiit af)s{ru( of sucii 
(ontingciK Its th( txistiiif^ noimiuiaturc ot tlif Huronian divisions 
answers our nttds but the futun whoultl witnoss no htsifancy in 
tastinj; It aside in favor of a loss rigid systtni of tdininology a.s th< 
occasion \\ arrant s 

J ho intrcasing atteptantf of what may bo nbrrtd to as tin 
“typo classifitalion of tho pre-f ainbnan rotks sot ms dcsirablt and 
proinists to romovt many of tho diffitultics and t ontrovorsios intro- 
dutod into the study by prtmaturo atttmplH to stf up in various 
( orrt lations tirno oquivalonts basod upon tvidoiut whuh ih all too 
ofttu ontiroly insufficient 

“ \rthcan” and “ 'Vlgonkian'* art almost universally cmployttl 
to dtsignato tht major divisions of tho prt C ambiian by workers in 
that fiohl in Neirth \moriea Pile emtedogists and studonts of post- 
Lipalian stratigraphy ire of simdar unanimity m referring to thoso 
as “ArchtMizoK ” and ‘ Proterozoic * It is gone rally ft It b> geolo- 
gists who de^al large 1> witfi the prc-Cainbnan that the Uttoi terms 
carry with them iniplieations of tht existcuct of various forms of 
pn rambrian lift whieh upon tho tvidonec afforded by the pro- 
C’ambnan rocks, eanimt be supported by a seiund basis of fact It is 
undcistaudable that the paleontologist vuwing tho abrupt appoar- 
anec of manifold and \antd lift at the bast of the Cambnan, should 
logically assume the existence of living forms in tht pre-C ambnan 
In tho Lower Huronian Kona and Ilanelvillo dolomites of the UpjH r 
Peninsula occur fMCuIiar structures whuh have boon rogarelc'd as 
algal in ongm and the writer inclmts toward this view 1 host 
structures, Ix'cause of their uniform tondition of alternating broad 
convexities and sharp concavitus upward, have been used for a 
nundar of years in determining the tops of tennplexly deformed beds 
in which they otcur However, many geologists familiar with the 
oce urn lues take issue with any ascription of organic origin to these 
featuns These are perhafis the best direct evidences of the exist- 
ence of lift m t lie Michigan Huronian whie h have yet lieen discov ered 
Other evidence of an indirect nature, is to be found in the presence 
of liinestone m the Huroman and in the graplute of certaiu Huronian 
slates In the Archean rocks of Michigan no traces of the existence 
of life have lieen discovered Consequently, the student of the Mich- 
igan pro-Cambnan feels, doubtletfS with justification, that (ho burden 
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of proof in the form of concluKU e field evidence restw with thoHC who 
advocate a duiHion of the pre-Cambnan upon a basiB of the hfe KUp- 
posed to have been present Until such proof w brought forward; it 
18 not unreajsonalile to state that the terms “Archean*’ and “Algon- 
kian/’ which miply nothing as to life forms m the pn-C ambnan; arc 
preferable to “Archeosoic'' and “Proterownc 

The broader outhnes of the stratigraphy and of the correlation 
of the various members of the Michigan Huron lan have been estab- 
lished; and in a number of instances; notably in thi iron formations 
of the various ore-pn>duaug districts of Michigan; the stratigraphy 
has been covered m detail Similar careful work has been done on 
various other divisions of the Hunnuan Some of the results have 
been published, but a large part of the present information is unavail- 
able in jfMinted form A great deal remains to be done in researches 
of this nature, and such efforts are of the utmost importance De- 
tailed studies of the iron formations, because of their obvious eco- 
nomic value, have progressed more rapidly and have received better 
financial support than projects dealing with other portions of the 
Huronian, where prospects of immediate monetary returns from an 
investment in such work arc more uncertain 

In the correct dcciphmng of the stratigraphic mmutiae of the 
Michigan Huroman rest our pnncipal hopes of a proper understand- 
ing of the manner in which these rocks have reacted to deforming 
stresses The wntor ventures the prediction that, as progress is 
made in such investigations, faulting will be recognised as having 
played a much more important part in determining the present loca- 
tion and attitude of the Huroman beds than has generally been con- 
ceded in the past It is not impossible that further discovencs of 
iron ore will be made similar to that of the great Plymouth open pit 
mine on the Gogebic Range, located ui a downfaulted block of the 
Ironwood iron formation in an area where for many years only Ar- 
cher rocks were beheved to exist Work directed toward this end 
should, needless to say, include not only the iron formations, but 
all rocks of the Huroman 

From a more or less academic standpoint relationships within 
the Huroman, and in particular tht relationships of t^iese rocks to 
the Igneous complexes which bound them in many iiiaces, once under- 
stood, should yield valuable information upon the ultimate nature of 
deformation of the earthen crust Perhaps nowhere can the deep- 
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seated conditions involved in mountain building lie studied to better 
advantage than in the truncated, eroded roots of ancient mountain 
ranges now represented by the Huronian rocks of the Upper Penin- 
sula Attacks upon such problems ace now being made, and althougli 
at present there is considerable lack of agreement m many instances 
upon the relative ages of the igneous rocks ami the Huronian involved, 
a reconciliation of opposing views is doubtless not many yiars re- 
moved 

In stratigraphic studies of the Huronian the investigation of 
heavy accessory mineral assemblages otoumng in the various rocks 
IS attaining increasing proimnence as an aid in correlation and in the 
understanding of the paleogeography and geologn history of the 
pre-Csmbnan of the Upper Penmsula The groundwork for this 
mportant phase of geologic activity is now liemg established by 
examination of hundreds of specimens from the Michigan pre- 
Cambnan, prin< ipally by S A Tyler and R W Marsden of the Uni- 
versity of Wisconsin, and their results will soon lie forthcoming The 
subject is so broad as to provide an extremely interesting and almost 
inexhaustible field for future work Not only will the prosecution of 
such endeavors add to our knowledge of the Huronian, but the study 
of heavy accessory mineral assemblages itself will undoubtedly bene- 
fit thereby, through improvements in technique and increasmg stand- 
mdization in methods 

Measurements of the absolute age of various igneous rocks of the 
pro-Cambnan by investigation of the products of radioactive disin- 
tegration are showing steady advances through the studies of A C 
Jjane and W D Urry Although many geologists are not at present 
disposed to accept their results as indisputable criteria in disagree* 
ments concerning oorrelaticm, such stuches have even now, with the 
work m what might be termed its infancy, very definite value To 
cite only a single case, fora number of years most of the basic diontic 
dikes that cut the iron formation of the Gogebic Range have been re- 
garded as Middle Keweenawan, and as having served in the capacity 
of feeders for the Middle Keweenawan traps However, although 
definite evidence has not yet been uncovered, the conviction lias been 
growing for some time that nmny of these dikes are pre-Keweenawan, 
and probaWy late Upper Huronian This convictKm has been sup^ 
port^ by the results of age determination on a radioactive basts 
earned out by Lane and Urry, whq used the helium method Their 
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fuidinR'* placed a spot inn n ironi one of thtwe dikes as late Upper 
Huronmn Since the dikes bottom a large numlnr of the Gogebic 
Himgc iron ore bodies, and have evidently exerted a definite influ- 
incc u{>ou the developnu at of such orts, tlie corre(t determination 
of then relative age is of no small impcjrtaiue in studying tin manner 
of ( onrentration of tin Ironv^oml iron formation to on 

Leith ' has deplored attempts to emphasize the tune elemenl in 
pre-( ambrian e one latum, iihserting, with reasem, that emr infeirma- 
tion IS NO meager as to render almeist valueless eorrelations winch 
stress this faetor He states, however, that in the future the time 
t lenient may be validly mtrodueeel m rest are hts progresw which in- 
volve age determinations by studies of the prodiie ts of radieiaetivo 
disintegration, the proiar eorrelatum of separated batholithn in- 
vestigation of the heavy ateessory mineral asNemblages not only of 
pn-rambnan igneous Imdies but eif pn -Cambrian sedimentN, the 
manner of emgm of the prt -Cambrian iron formations more exten- 
sive and detailed mapping of pre ( ambrian areaa and a Htuely of 
rnetainorphu proresses J hiH list may lie amplified by mentioning 
the possibility of increasing future emphasis upon time planes rep- 
resented by various depeisils of volcanic ash, such aa those of Hem- 
lock and Clarksburg age s The orcurremes and implications of these 
have been wtudied tor a number of years by W A Seaman It is 
true that utilization of the various bentonite and inetabentonite beds 
of the Paleozoif in this manner has not as ye t met with widespreaei 
acceptance, but the potential significance of occurrences of volcanic 
ash within the Michigan Huronian should doubtless roecni more 
general recognition than has been the case ip the past J’urthc^r, our 
attempts to introduce the time factor into pre-Cambnan correla- 
tions encounter the same obstacles often met with in sirnilar efforts 
elsewhere in the geologic column, tlie present knowledge of condi- 
tioiw of sedimentation is frequently inadequate to enable us to set 
up proper time relations among lithologically diverse portions of a 
given bed In many instances our understanding of the tune elf ment 
in pre-C’ambnan correlation will doubtless advance in step with in- 
creases in the steadily growing fund of information concerning the 
facts of sedimentation 

The problem of the ongin of the Huronian iron formations of 
Michigan has Ixx n and continues to be a subjec t of much disciwmon 

* Op cU , pp 
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Hr unusual lithology of thinr rotka and tlu [Kruhar c in uinstaiK ( 
of thur (oufiiumeut in the gcologn (olumn to the pro-( ambnan, 
although they are of widespread gefjgraphu oifurreiKe, furnish sour 
basis for the suspicion that the> are exceptions to the general valid- 
ity of uniforniitarianism in pre-( ambnan iietrogenesis A numlier of 
reasonable objections may be offered to eith< r of the principal hy- 
potheses of ongin 1 1 that the iron formations an normal products 
of advanced weathering, and subaqueouh transportation and dt posi- 
tion, or that they have bicn develojied by precipitation of materials 
contributed to sea waters by subnianne basic la^as Rhythmic 
chemical precipitation of ferrous carbonate in gelatinous silna may 
have been a factor in producing their eharac tc nsfic banded textures, 
but objections to this postulate ran be readily interposed Without 
detailed discussion of the \anous postulates of origin, it will peihaps 
suffice to mention hen that students of the Huronian generally doubt 
that the final solution to the prohlc m has bee n reaehed No speeifie , 
intensive study of the ciucsticm is be mg undertaken at pre^nt ap- 
panmtly, but it is confide ntly c xpected that before many years elapse 
this outstanding challenge to geologie thought will be satisfactorily 
met 

Mon agree nient exists nganiing the manner of e oiuc ntration of 
the non formations to on than the mode of origin ot the iron forma- 
tions proper, hut opinion remains ehvided despite >cars of diligent 
effort directed to the suhjeet Ihe majority of students familiar 
with the conditions believe that the iron ore concentration has been 
effected through the ageney of oxidizing waters possessing an impor- 
tant downward component of movement, concent rated m their flow 
downwarei along favorable avenues of migration sue h as e reiss faults, 
and in the direction of pitch of struetural troughs bottomed by im- 
pervious rocks of various types Whether these waters were mete- 
one hydrothermal, or hybrid remains a debated subject, and the 
8 cot>e of this paper does not permit full ( onsideration of the seve ral 
hypotheses Ihe preponderance of field evidence may lx stated t.o 
favor met^onc water circulation as the dominant factor, but it is 
possible that this postulate does not cover the whole story It is 
subject to ( onstant critical msiieetion by all geologists interested m 
development of the Lake Superior iron ores 

The character of the deep mine waters m the Michigan Huronian 
has received little cone erted attention since the studios of Lane AI- 
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though a number of ohemual analyses are available, many more 
should be made, and these should be carefully coordinated with the 
geology and the ore occurrences m the iron mines The writer’s 
work, now in progress, on the ongin of the manganiferous iron ores 
of a portion of the Gogebic Range has led to the suspieiou that deep 
mine waters, of the calcium chloride type, have been and are at pres- 
ent a factor in the transportation and deposition of manganese The 
general subject of the origin, nature, and flow of these deep sahne 
waters offers a promising field for future research 

It has been the aim of this paper to sketch the directions m which 
pre^sent-day thought on problems of the Michigan Huronian is trend- 
ing and to point out a few potential fields for study In the past 
decade geologists who ha\e concerned themselves with the pre- 
Cambnan of Michigan have been relatively few, in part because of 
lack of financial support, and in some measure at least because the 
attention of Michigan geologists has been directed elsewhere The 
opportunities existing m the Upper Peninsula for advancement of 
geological knowledge are magnificent, we have as yet made only a 
beginning The problems of the prc-Cambnan are in general not 
essentially different from many of those existing throughout the 
geologic column, and pre-Cambnan work is not unique m its posses- 
sion of structural and petrologic complexities If the experience of 
many geologists who have dealt largely with more recent units pf the 
geologic section could be brought to bear upon the intricacies of the 
Archean and the Algonkian, it can hardly be doubted that the prog- 
ress of prc-Cambnan studies would be matenally accelerated 

MirmoAN CoUiKGK or Mining anp Tbchnoix>gy 

Houghton, Michigan 



THE ORIGIN OF PERCHED DUNES ON THE 
MANISTEE MORAINE, MICHIGAN 
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INTRODUCTION 

M any of the sand duiiw of northern Lake Michigan are perthed 
in that they rest upon substrata elevated above the present 
lake level The term '^perched” includes dune forms resting upon 
old beaches referable to past glacial and postglacial lake stagis, 
such as the Nipissmg and the Algonquin Dunes of this tyjie on 
the Beaver Islands and on South I ox Island have lieen described 
by Fuller ^ The present study, however, is concerned only with the 
perched duneji found along the western edges of the Manistee moraine, 
where the irregular spurs corae out to the shore Tins moraine eon 
Htitutes the major portion of the second or inner ndge of the Port 
Huron morainie system (Iig 1) Observations made thus far 
include Sleeping Bear Point and the shore line from Pointe Betsie 
south through Arcadia (Pig 2) The primary purpose has been to 
deternune if possible the chief origin of the sandy materials of which 
these perched dunes are composed To this end an arbitrary classi- 
fication into four main types was made 

Type I, Sa&d of be&oh origin accumiilation due to wind action 
Type n, Sand of beach origin — accumulation due to ind at tion accompanied 
by ^ore reoeMion 

Type ni, Band derived from morainic dnft 

Type IV, Band of combined beach and morainic origin 

It should perhaps be mentioned that some geologists * bohe\ e that, 
immediately after the retreat of the ice and before vegetation had 
established itself upon the surface of the dnft, the wind was peculiarly 
effective m formmg loess deposits and sand dunes The observations 

^ Fuller, Qaorge D , '*8ome Parched Dunes of Northern Lake Michigan 
and Their Vegetation, * Trane lUtnom SkOe 4ead 11 UZ-llS 1918 
* Sesi for example, Sauer, C O , **Oeography of the Upper Illlnoia Valley 
and Hiet^ of Development/* /Ufneie 8t9t$ Surv , BvU. $7^ p 116 1916 
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of Rnwsell ^ on the Malaspina Glau* r wore oontnuliotory to thw view 
Here he found veia;ftation following olosfly Ufxm the retreat of the 
ice, and oven noted a dense forest growing on a moraine whnh 
n sted nj>on the ice of th( glatur though Rusboll was dtaling in 
Alaska with a rtlativdy local mountain glacier, whereas tlu ice 



Fio 1 The Manistee moraine (after lieverett) Dark 
areas indicate principal locations and close torrelativee 
of the moraine 

which covered the Btate of Michigan was of inntmcntal proportions, 
It does not stem as if the conditions attendant on the growth of 
vegetation would be vastly different In any ca«( , there seems to be 
Kttle of practical value to be gamed by introdui ing this theory into 
the solution of the present problem 

» Huasell, Israel 0 , 0lactet9 cf Svrth America^ pp 113-114 1897 
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TYPL I SAND OF BEACH ORIGIN — ACCUMULATION 

DUt TO WIND ACTION 

Ihere arc two knids of innhcd sand deposits of Uach orij^in 
Ty|>c I f onsistH of sand whuh has l>lown up from the beach to tlic top 
of the moraine In this tyi>e th( luight to which sand partitles lan 
la blown must lie considered The opinion of Barrows ^ that 'winds 
( an ( arry sand to any h( ight up g< ntle slop< s, but art unable to ( any it 
up very stetp slopts ” set ms gent rally to be fa\ ored 1 lu t rum at( d 
bluffs of th« Manistee moraine range from a few ft it to inon thin 
three hundred fttt abovt Lake Mu lagan, with the angle of the 
front slopt avt raging approximati ly 53® The angle of repose for 
sand IS from tO® to fht upper surfate of the moraine is \ery 

irregular, and if the sand should be blown up the fait of tin bluff 
one would expect it to colkct mainly in the hollows or along the 
lowt r poitions This condition is often true, but has not bt tn found 
to be suffitiently consistent to str\e as a determining fiutoi 

Outcroppings of a pinkish clay, var5ang gnatly m thukmss, 
ottur tliroughout the lower portions of the bluffs along this part of 
tlu short It H often laminated and m prartually free from ju bblt s 
The origin of this day deposit, whith was noted by Dtsor,® has bet n 
the subject of much speculation The various theories tannot b< 
treated hen except to say that thty indicate a widesprtad deposit, 
of earlier date than the surface moraaml drift, but resting upon oldi r 
glatial dejxisits Leverett ® Miexes the day to ha\e lx‘en laid down 
in a largo body of water tithtr during an ice recession within th< 
Wisconsin stage of glaciation or as a pre-Wisconsm inttrglaeial 
deposit 

Vegetation is able to gam a foothold more readily on tlu lowir 
flanks of the bluffs mainly because the clay has a greater capability 
for retaining moisture than has the overlying drift matinal Ihe 
result IS a wme of denser vegetation giving a distinctly banded 

* Barrowa, Harlan H , "Geography of the Middle ItUnoie Valley, ' lUiruns 
Stai9 OtoL Surp , Bull p 53 1910 

“ Desor, E , "On tlio Superfioial Deposits of the District ” In Report <m Ikr 
CMogy (jf the Lake Superior Land Dteind^ by J W Poster and J D Whitney, 
Part Jl (Washington, 1851), p 240 

* Leverett, Frank, and Taylor, Frank B , "The Pleistocene of Indiana and 
Michigan and the History of the Great I^akes," U S Oeol Surv , Mon pp* 
314^15 1915 
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Fio 2 Sketch mp of shore line from 
Points* Betole south through Arcadia 

A First large perched dune 
south of Arcadia 
B North Bar Lake 
( Arcadia 
D “Baldy'* 

I “RaxorBaok" 

> Watervale 
G * Lookout HiU'* 

H liOwer Herring Lake 
I Upper Hemng Lake 
J Ijurge faloaout 
K Low spot in moraine 
L Low morainic hiU 
M ‘ Thelma’s Cradle'» 

N Elberta 
0 Lake Betaie 
P Frankfort 
Q ^‘Crater’* group 
R Wildewood Resort 
8 Crystal Lake 
T Crystal I^ke bar 
U Pointe Betaie Light 
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appearancf' to the Hurfaoe of the slope (PI I, Fir 1) If sand were 
blown from the beach, up the slope, it would be retarded and trapped 
by this vegetation Along the lower portions of the bluffs, however, 
there seldom seems to be much loose sand on the surface A possible 
exception to this observation may exist near “Razor Back“ (^0 
Here an inclined coating of fine sand leading from the beach up to a 
height of about fifty feet seems to indicate transportation up the slope 
On the edge of the bluff at Sleeping Bear Point, Glen Arlior 
Township, one can almost always feel the sting from rather coarse 
particles of sand bemg earned and blown mland by the wind It is 
difficult to determine whether or not this sand comes directly up the 
slope Along the southern portion of the bluff may be found scatU red 
tufts of grass, behind each of which is a small accumulation of sand, 
which would seemingly indicate progression of the sand up the face 
of the bluff in a northeasterly direction Of courw*, with a northwest 
wmd, sand could readily blow up the more gentle slojic out at the 
end of the point and continue south along the front fact of the bluff 
until, with a shift of the wind to the west, it would migrate directly 
inland This, however, does not seem to occur It is probable, 
therefore, that some of the sand does progress directly up the bluff 
from the beach below, but slowly 

To quote from Free,* “ It has become apparent that much surface 
material is moved from place to place by aeohan action and that 
much of this ttansport is to be asenbed to the slow and unnoticed, 
but continuous, action of ordinary winds The winds are so ubiqui- 
tous and so mcessantly m motion that their aggregate geologic work 
IS by no moans negligible, though it may be momentanly inappreci- 
able “ This seems to be true of the area under consideration, and 
in all hkeJxhcKxi some of the sand incorporated in the perched dunts 
is material that, over a long penod of time, has progressed slowly up 
the steep slopee of the morame 

TYPE U BAND OF BftAOB ORIGIN — ACCUMULATION DUE TO 
WIND ACTION ACCOMPANIED BY SHORE RECESSION 

Type II consists of sand which has been forced to nugrate from 
the beach inland and up the slopes of the moraine as the shore line 

^ Capital letterei rofor to looatiotia on the outline map, Figure 2 
* Fr^ E £ , PoeMble Error la the EsUmatee of the Rate of Qeologte 
Denudatton/' 5eMfioe, N , pp 423-424. 1909 
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his bom Mit baik by the waves That the dunes an Jonned by 
tins spf ojid nu thod is the inont common explanation of pn( bed sand 
de|X)sits Solger '* Ki\f s a pood jlhwtration of this modi of formation 
on tlie adjvisti d i oast of Potnirania Whi ther or not this explanation 
holds true in the Lake Miihipan npion is somewhat doubtful For 
oiu thing th< lakeward slojies of tiu moraine an, and imist also in 
the past hav< betn, far steejxr than thosi up which the dunes in 
Ponurania have traveled This is true of all thi portions of the 
moraine studied, with tlu exception of the section extending south 
from hlbcrta past “T helma’s Cradli ” (M) and the area in the vicin- 
ity of the extnrnely low spot in the moraine (A), for at these places 
the height of the moraine is not so great J here sevms to hi no reason 
why tlu sand eeiuUl not have moved up onto thi moraine as thi shore 
was cut back and this may well have occurred at Af At A, howevt r, 
then IS a slight rise m the surface of the moraine in the form of a 
gently rolling hill elongated in an oast-west direction Ihe western 
extremity of this hill has Ixen only pirtly truncated, and, if the 
theory were correct, om would ex|)eet to find sand in the process of 
migrating up the still rather gentle slope There m, however, only 
a very slight windblown depejsit along the edge, far too small to be 
classed as a dune Ihus it would seem that, with the possible ex- 
ception of the example cited above formation of perched dunes by 
this method IS uniiTifKirtant in this ana, although it must not be 
neglected as a eontnhuting factor 

nPE III SAND DlfBIVFD FROM MOHAINU DKirf 

Sand supplied by this third method eouJd he derived cither from 
the drift exposed by erosion on the face of the bluff or from surface 
deflation of the sandy till In the following discussion it will be 
apparent that surface deflation is of relatively small importance, 
for the aetion ceases to be effietivc as soon os the larger residual 
particles are sufficiently numerous to proteut the surface 

As has been stated, layers of pink clay are eommon in the lower 
parts of the moraine On top of this clay morainic drift haa been 
deposited in varying amounts There are, furthennore, many local 
difftrenecs in the character of the materials comixising the drift 
It IS eommon, especially m the upper portions of the moraine, for 
layers of fine sand to alternate in every jmssible way with layers of 

• SolgOT, F , J>i2n<jnfmcA, p 08, fig 28 1010 
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fMbbItK In many places this imperfectly stratified material apf>ear*j 
to be a water-laid deposit Some of it proba})ly represents local 
debris reworked and rede posited by the waters resulting from the 
melting of the k ( In e\cnt the upp< r jiortions even when there 
IS a hlxial admixtun of pebbhs, an pndomin intlv siudy 

]j( vinttS'” soil Simla H for the townships m BinzieC oiinty whuh 
an situated nearest the Lake Muhigan shou bitwnn ( lystal Laki 
and Manistit C ounty show that of 33 sfctions, 12 an swamp md 
lake, 4 are mostly sand and 17 an sandy till 1 hi saiiu g( m ral com- 
position occurs m Ltelanau ( ounty, Ohn Arbor lownship, wlwn, 
of 20 stctions, thf distribution is 6, 4, and 10, respectivtly 

Because of the extremdy sandy drift in thi exposed bluffs many 
of the early geologists mistakenly lonsidend thf m wmd-l)lown fie 
posits This w as espt cially true of Sleeping Bear Point, which Sc hool- 
craft,^^ m 1820, calif d “a bank of sand 200 ft f t high and 8 or 9 miUs 
If>ng ” 3 h( same ernir appeand repeatedly on maps/ md as late 
as 1851 Dewor thought thf bluffh nothing but a hugt dune, although 
he rightly lecogniaxd tht sandy fleposits luar thf Maiiistei River as 
being of glacial ongm 

In the present study an f ffort has Ix^en made tfi dotorimm wlu ther 
or not the perched dunes ar< bt tter develojiefl oppositf local expo- 
sures of unusually sandy mate rial than elsewhere ll< suits obtained 
have not been conclusive thus fur, but a more iiniKirtant faf tor than 
such a location appears to bf the action of gullying m thf imrmally 
sandy drift Frequently this gullying and sliding ha.s lict n intense, 
and perched deposits of sand seem to ocfur m greater quantity at 
the heads of the gulhos This is especially characteristic of the bluff 
south from the low spot in the moraine (A) and also soutli of ^‘Baldy " 
(D) There is much loose matenal and, often, fine sand in the gullus 
In all instances noted this appears to be sliding down from the top f>f 
the bluff toward the beach below 

Except for a sparse natural growth which obtains a pre canons 

Ijcvorett, i^rank, "Surface Geology and Agnoultural Conditions of the 
Southern Peninsula of Michigan/ Ann Hep M%ch Qeol and Bud Surv , Publ 
9, Scries 7, pp 93, 114 1911 

“ Sfhooloraft, H H, NarreUtve Journal of Travels through the I^orthmUern 
Regions qf the Umted Stotes to Ike Sources of the Mississippi River in 1820 p 
401 1821 

Young, J H The Tourui s Rocket Map of Michigan Philadelphia S A 
Mitchell, 1837 

“ Tleflor, h , p 263 of work cited Itt note 5 
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foothold, what vegetation exist^^ on the upper portions of these bluffs 
ifl mainly of the **elip slope’' type (PI I, Fig 2) Often trees along 
the edges of the bluffs are undercut and expose a tangled mass of 
dned roots Trees, shrubs, and larger plant forms on the slope usu- 
ally have slipped down from above These slowly die or continue 
their gradual descent to the base of the bluff, where they are de- 
stroyed by the waves at periods of high water 

As erosion of the bluff progresses the upper portions retreat 
consistently Fresh material is constantly exposed, and as it breaks 
off or slumps down from the edge the larger and coarser fragments 
which are too big to be earned readily by the wind begin to slide 
down the slope The rapidity of their descent depends upon their 
sice and shape and upon local conditions One can always find at 
the base of the bluff near ^^Racor Back” (E) and also at a place 
south of ”Baldy” (D) beautifully stnated and polished boulders 
which have been loosened by erosion and have rolled down the slope 
from above That these boulders have been exposed recently is 
indicated by the high lustrous pohsh found on some of them This 
polish could not have been retained if they had been directly sub- 
jected to weathering processes for even a relatively short time 
Occasionally, however, angular fragments of softer rock remain on 
the slope sufficiently long to become pitted and blasted Stone lattioo 
effects are often produced on a minor scale These corrugations 
indicate, further, that the vnnd must be carrying an appreciable 
quantity of sand, and that a certain amount of finer matena] must 
constantly blow up, or blow around, on the slope 

It 16 thought that, as the coarser pieces begin their descent of the 
slope, the finer fragments or sandy particles with wluch they have 
been associated are picked up or rolled dong by the wind and are 
earned up over the edge of the bluff and deposited on top of the 
ihoraine This is considered to be true mainly of the finer materials 
exposed m the upper portions of the slope, where they can eawly be 
earned the short distance to the summit 

When sand particles reach the top of the bluff their progress may 
be checked somewhat by vegetal covermg on tlm upper surface 
Such growth usually consists of a dense tangle of gntpe, poison 
ivy, bittersweet, and associated xeroj^ytic types Here the sand 
colleots and eventually becomes heaped up In a narrow perched lidge 
paralleling the edge of the slope With continued erosion and under- 
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mining of the blulT it is not long before tin lakcward part of thia 
perched ridge HlmnpM The fine sand la picked up by the wind and 
blown to the top again, and the proceas w rei>eatcd Examplea of 
this type of narniw perched dune along the edge of the bluff are very 
common (See the rough sketch of the Crater" group, Fig 3 ) 
An interesting sand deposit, closely allied to this border type of 
perched dune, is found at A , south of Arcadia On the summit of the 


bluff a layer of sand, eight or more feet thick, 
la being blown inland Between this capping 
layer of sand and the edge of the bluff a bench, 
four or five feet m width, shows the original 
very sandy and slightly pebbly surface of the 
moraine On tins bene h stands a row of dead 
pine trees (PI II, hig 1) From all appearances, 
the sandy capping layer has advanced not only 
into, but through, the onetime forest fringe A 
few of the dead trees have fallen from their 
position and have rolled down the slope The 
bluff IS apparently being cut back rather rap- 
idly However, as it is eroded, the loose capping 
sand 18 moved more easily by the wind than is 
the matenal on which the trees were formerly 
growmg This old surface, though very sandy, is 
probably almost entirely moraimc and is there- 
fore somewhat more consolidated and less readily 
shifted Also, the dead tree roots may still exert 
some binding infiuencc on this old layer It 
seems as though the loose sand on top must 
onginaJly have been denved from the old sandy 



Fia 3 The “Cra- 
ter'' group, an 
example of the 
border type of 
perched dune in 
southern Michigan 


moraimc surface when the bluff extended farther to the west With 


the erosion of the slope this sandy matenal has been blown up and 
inland, so that at present there are two distinct sandy honaons, the 
top one consisting mainly of a rodeposition farther inland of the 
particles in the bottom layer 

Where vegetation does not check the sand movement, or where 
other conditions are favorable, the sand may be blown inland to 
form larger perched dunes and apices These eventually become 
deformed as constant recession of the bhiff truncates the lakeward 


portions, and the process may result m the formation of large blow 
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outs or 'MiorKfsho( k ” Inland migration is also facilitated liy the ad- 
dition of fresh sand to the perched eJums 1 his addition takes place 
as the fine dnft material continues to be exposed m the upper paits 
of the eroded face of tlie bluff 

When the sand has lieon blown inland for some distanee, into 
large horseshoes, there may lx a broad opening at the lakcward end, 
or the entrance may consist of a narrow wind nft betwei n high arms 
of sand (PI II, lig 2) In either case the opening is usually praeti- 
f ally devoid of vegetation, and deflation has progresse d to such an ex- 
tent that most of the finer material has been removed The c oarser 
materials ongmally present in the upi:>er portions of the dnft are thus 
left as an imtierfeet pavomc nt on the surfac c Although this coarse 
layer is a quite effective preventive of surface erosion by the wind 
It affords only temporary protection to the moraine and is not proof 
against undermining along the edge of the bluff As has be en shown, 
this latter action is most imyiortant 

At vanous places tht surface of the tnoramc exposed seems to dip 
down sharply to the east, so that the perched sands rest on the 
easte rn flanks of partly erode d swells m the moraine and may fill 
hasm-like hollows or sags h ventually, m many locations, the height 
of the moraine will be somewhat reduced as erosion of the front 
slope continues back into these hollows (PI II, Fig 2, PI III, 
iMg 1) 

As a result of the constant erosion of the lakeward ywirts of the 
Manistee moraine much fine matenal docs e xist on the front surfaces 
of the bluffs Under favorable conditions this loose sand may be 
picked up by the wind, and some of it may eve ntually reaeli the top 
of the slope to add to the perched accumulation On several occa- 
sions sand movement along the slopes was noted In one instance 
the bluff south of ** Razor Back"' (E) was observed when a high 
wind was coming from the southwest A small amount of sand 
seemed to be blowing up from the beach onto the lower flanks of the 
moraine The most apparent movement, liowever, was on the slopes 
themselves, where the sand was blowing northward, m a course 
horizontal to the face of the bluff In places where the sandy dnft 
jutted out the cliffs were ^‘smoking ” Most of the material being 
moved seemed to come from the sandy patches on the slopes them- 
selves, and the particles were being earned along without much 
apparent change in elevation 
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N(*dl(ss to say, all the fine mat(nal tx])osMl rnai tht top of the 
bluff iH not blown up tlu slope Miuh of it iimloubtidly slides down 
along with the coarser fragnunts During luavy storms, slides and 
flows of finer material often occur Also, when great sections held 
together by tree and plant roots break off from the top of the bluff 
both coarse and fine matenals arc earned down the slope 

The rate at whic h this process takes place dc jx nds c ntirely ufxin 
the rapidity of erosion of the bluffs, and the c rosion, though unceasing, 
varus in intensity with the location Minor factors must also be 
taken into consideration If vegetation is able to gain a foothold 
temporarily, erosion is retarded Again, dunng p( nods v^hon the 
level of Lake Michigan is unusually high, as it wiis in tlu summer of 
1929, the waves cut directly into the bases of the bluffs and greatly 
accelerate the erosive process 

Because of the irregularity of the moraine it is impossible to 
estimate how much material has Ix'cn removed but the amount must 
have been very great However IxvereU^'* l)elieves that south 
ward from Frankfort the nearness of de ep water to the present shore 
preclude b the supposition that the headlands were as long as those 
farther north Tins factor would also militate against formation of 
dunes of the seeond type The C ryntal T^ke bar was formed during 
Algonquin time and is unusual because at present it has a eonvex 
(urvature toward thfi I^ake Michigan shore It is thought that 
it developed originally as a normal bar of concave outline bifwcun 
the limiting moraune ndges, and that subnequent erosion cut back 
the land and reversed the curvature of the bar Ihus it may be seen 
that erosion, sine e Algonquin time, has been inte use at this partie ular 
twint along the shore 

I hat erosion of the sandy dnft material is probably of gnat 
significance in the accumulation of sand cm top of the moraine is 
borne out at location K, south of Frankfort Thus site apiiears to 
furmsii one of the important keys to the solution of the problem 
Here as comparcsi with the height of the bluffs on either side, there 
is a relatively low spot in the moraine The total elevation from 
the l>oaoh to the top of the bluff la about 66 feet, and the reddish 
sandy clay outcrops up to approximately 49 6 feet There wt a thin 

1* P 427 of work ntod in note b 

Scott, Irving D , ' Inland Lakes of Michigan, dna Rep Mxch Oeol and 
Biol iSurv 1^80^ Vxxbl 30, Qeol Senes 25 p 172 1021 
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re< ent sand deposit on tho upfier surface This leaves only 10 feet of 
tnorainic dnft overlying the clay, an amount much less than that 
normally found Although this low sjxit is apparently particularly 
favorable for such action, sand docs not seem to be blown up from 
the beach, nor is there any accumulation due to migration up the 
slope as the shore has receded On the other hand, this is the only 
locality where the overlying sandy dnft is noticeably much thinner 
and where there would be a deficiency in the supply of sand exposed 
by erosion 

From all evident therefore, sandy material denved from the 
morainic dnft would seem to bc' the most imiKirtant constituent of 
the perched dunes m the areas desenbed 

To review bnefly, erosion of the dnft along the edge of the bluff 
results m a natural sorting action, and m the removal of the larger 
particles The sandy auumulation which remains, bordermg as it 
does the edge of the slope, is m a constant state of mmultaneous 
accretion and destruction This unstable condition iiersists until 
such time as the sand may be picked up by the wind and transported 
inland, out of immediate danger from undennmmg 

TYPE IV SAND OF COMBINED BEACH AND MORAINIC ORIGIN 

Studies made thus far indicate that the majonty of the perched 
dunes of the Manistee moraine belong to the fourth, or composite, 
type 

The amounts of sand denvod from the three types included un- 
der this composite grouping vary, but, as a rule, the second type 
18 unimportant, the first type is responsible for a moderate percent- 
age of the matenal, and the third typo is the dominant contributing 
factor 

In conclusion, it is believed that a brief descnption of Bleeping 
Bear Point may be of interest, aiuco it presents somewhat different 
conditions than ordinarily exist m other parts of the area studied 
Here splendid examples of WtndkanUn can bo found m the rocky 
capping layer Because of its exposed location the entire surface of 
the morame^ bordermg the lake, has been swept bare of most of the 
fine sandy material, witbthe exception of the perched reUo or remnant 
known as the and another small sandy accumulation to the 

south The ''Bear,'' which is the most prominent perched feature, 
18 a rather small hill whose front sloiies extend down to the top edge 
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of the bluflf (PI III, Fig 1) ISxhutned treeH and old humus layers 
indicate that it was not all built at one period, but is composed of 
sand blown up from vanous directions at different times The mam 
part of the hill appears to have been at one time slightly more to the 
south and west At present the base of the northern slope is covered 
mainly with arborvitae, and a dense growth of calamovilfa, sand 
cherry, and dogwood occurs nearer the top The back, or eastern, 
slope 18 thickly wooded in patches, the intervening areas being grassed 
(PI III, Fig 2) The southern and westtrn slopes are Uing actively 
eroded, and it is evident that a large amount of material has recently 
been removed, for a great difference was noted between the appear- 
ance of this portion of the dune in 1934 and m 1936, two years later 
Waterman m his article on the ecology of this area also mentions 
the rapid erosion of the ^‘Bear ” Indeed it is surprising that such 
an exposed and unstable rt mnant should have persisted over so long 
a period It was well known to the Indians who formerly inhabited 
the area, and was frequently made the subjict of their legendary 
tales 

The vast semiperched accumulation of moving sand steadily ad- 
vancing eastward toward Glen Lake is composed almost wholly of 
material swept from the exposed surfaces of the higher portions of 
the moraine The edge of the moraine is notched by a series of gullies 
oriented for the most part northeast 'southwest The larger gullies 
represent intermittent dramage channels I hey branch slightly and 
cut deeply into the moraine Tlie northern slope of each is covered 
with loose stones, but fresh sand covers the stones on the southern 
slope Extending northeast on the top of the moraine from the 
southern ffank of each gully is a long, narrow toll of sand, var 3 ring 
in slxe with the sise of the gully This matenal appears to come from 
sandy outcroppings some distance down the face of the bluff 

COKCLV8ION8 

An attempt has been made in the present study to determine 
what processes have been most effective in the development of the 
perched sand dunes found on the Manistee moraine along the eastern 
shore of northern Lake Michigan 

1 It IS beheved that, over a long period of time, sand blown up 

WatormoD, Warren G , ** Foology of Glen lAke and Sleeping Bear Re- 
gion,'' Pap Mtck Aead Sd , ArU» ond Leltefj e (\9SSe) 863 1927 
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from the beach to the top of the morain* has contributed a consider 
abl< amount of material to the percht d dunea 

2 In this area a<tual nuKration of the dunes up tht morainu 
slopes, with continued renssion of th* Hlu)r( line, does not setm to 
have been important 

3 It IS thought that the gn ater part of the matt rial in the dunes 
has been denved from the sandy drift of the moraint In this process 
(ontinual erosion of the front slope of the bluff and offer tive wind 
artion have played an important part 

4 Ihe jierthed dunes art t< rrned tompositc, smet their origin 
can be ascribed to no single fat tor or process, but set nis to include 
m varying degrees all the typfs nottd abovt 

Further studies of the percht d dunes in other portions of the 
Manistee moraine will have to bt mult before these observations ran 
l)e t ompletcly vt nfied 

Univkbsity Of Micmiqan 
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tia 1 Shoie hop north of Wnnkfort oppoMtr ( tiiUi ’ fi;toup, showing den^tr 
vrgttution on liny in lower pnrts of hlufT 



hn 2 Bluff near ‘ llazor Bark/ (showing typnal sandy drift and slii>sloj>e vigeta- 
iion Xote undermining along edge of bluff in upper right-hand eoniei also 
j and height of slope 
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Ikj 1 HlulT Miuth of Aidwlia showing how hhiuJv uippnig lu\ir luih 
migratf'd into and through foinui foient fnngi 



ltd 2 l)fs({ tiding from Haldy ’ Vuw looking w eat toward I akt M it higan thiough 
wind rift Note high art a of sand on iilhti suit and manner in whuh suifafp of 
luoramc rists towaid edge of bluff 
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f K 1 Slo(|)in|? H(ai Vitw Itiokihk north Si>uth Mamtou Is'hind in diM 
Nott pnitnulntlj ihaiiutd of nioiauK iimi Ht((pn(“s« of sIo|h louttid lake 



Fit 2 Sloping Hnar " View looking wnat toward I akt M it higan Nott *iiuiti 
hunimo(kn m foioground and lughor mirfiur of moraino to Iht v\i*st 





THE ROGERS CITY LIMESTONE, A NEW 
MIDDLE DEVONIAN FORMATION 
IN MICHIGAN 

G^ORG^ M nin US AND UOHV HT I KADAHAr(,Ii 

D uring 1922 the ^omor authoi of this pivj)or had 0 ((aw)on to 
rxamiiH a ftw gahtropodH \\huh wen (oll((t(d from th( so 
(ailed Dundee hmostoiu of Presque f oiinty Muhigan by the 
lat( Mr H II Ilmdshaw of Mpena Michigan Asa result ol this 
fxarnuution two of the speeirnfns wen found to be identual with 
hnchelia tyrrelli (Whitt av(s) and Omphalocimt^ mnmlohenm Whit- 
(ft\es hixdts whi(h o((ur in the MiddU Devonian strata of Mani- 
toba 

lh( senioi author did not have an opjwitunity to detcnninc the 
exs(t sfratigiaphu oceurrenee of these gastiopods until the summer 
of 1926 at which time he partnipated m a prehmmaiy study of the 
Ko-( ailed Dundee limestone and lh( Ti averse group of rocks for the 
Mulligan Geologic al Survey During the oourse of the 1926 study 
he found that the upt>er half of the ‘ Dimdec ” lim( stone contained 
the two gastropods noted in the previous paragraph and several 
other fossils which were identical with or closely related to species 
occurring in the Manitoban limestone and the underlying Winrii- 
pegosan dolomite of Manitoba This information was transmitted 
to Dr L R Pohl, who noted (1930a, p 31, and 19306, p 60) the 
presence of ‘'Manitoba bedK*’ with a northern fauna above the Dun- 
dee limestone 

During the summer of 1936 the writers of the present pape r Hjient 
several days in a study of the “Dundee" limestone of Presque Isle 
Gountv \s a result of tins study they are able to recognize two 
formations in the “Dundee" limestone, a lower one, with a characte r- 
istie Dundee limestone fauna, to which the name “ Dundee limestone " 
should 1)0 restricted, and an upper one, with a fauna distinct from 
that of the Dundee limestone, for which the name “Rogers City 
limestone" is proposed 
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The l)eHt expoHure of the Rogers C ity limestone is exhibited in 
th( very large quarry of the Michigan Limestone and Chcnmal 
Company at Rogers City, Presiine Isle County The lithologic 
character and the common foMsils of the Rogers City and Dundee 
limestones of this quarry an noted in the following generalised sec- 
tion 


SECTION or STUATA EXPOSf D IN QUARR\ OF MICHIGAN I IMESTONb 
AND CHEMICAL COMPANY AT ROOEHB Cm, MICHIGAN 


Traveme group {BiU shale) 

9 8bale, calcareous, bluish gray and abundantly fossiliferous 


THICKNGB8 

Feel Inches 
1-10 


Rogers CiAy Umeslime 


Ihsconjonmly 


8 Limestone, buff-gray to buff, niedmm-gralnod, fairly thli k- 
bedded and porous, containing Frtfmtdiiphylhm sp , 
Fawsites sp , u costelUte Atrypaf Buckeltalyrrelh (Whit- 
caves), (l^phedoctrrus tnanUobensts Whiteavea, and 
other gastropods 

7 I imestone, gray, finely crystallifio, dense and thick 
bedded, cfmtaming numerous specimens of Oyptdula s-p , 
a few Individuals of a oosteilate Atrypa^ and Omphalo^ 
cirrus mantlobensts Whiteaves 

6 Limestone Lower 2 to 3 feet mottled buff and buff-gray, 
magnesian and thm-boddod, upper fi feet less mottled, 
less magnesian and thicker-b^ded than underlying 
beds Limestone contains numerous spedmens of a 
costellate Atrypa, a few specimens of Gy^ula sp , and 
(hnphaloeirrvM mont/o6cnM« Whiteaves 

5 Dolomite, with discontinuous, alternating buff and buff 
gray bands, fine^amed and thm-bedded, with molds 
of ProducUUa sp , Airypa sp and other Iirarhiopods, 
pelecypods, TeniaculUes ap , and Proetua sp 


Dundee hmestane 

4 Limestone, gray, weathering to a buff gray, composed of 
numerous shells of braohiopods and a smaller number 
of other invertebrates Characteristic fossils are Prts* 
matophyUum sp , ProducUlta spinulocostata Hall, AV- 
ridgwat tptnosa Bassett, Airypa costaia Bsesett, A 
ehkrs% Bassett, Sptnfer lucasensts Stauffer, and a 
species of Aihym identical with a species found in IJ^n- 
dee limestone of southeastern Michigan 

3 Limestone, gray, weathering buff-gray, with few chert 
nodules and remains of PnemaiophyUum sp , Airypa 
eosiaia Bassett, A ehicrsi Bassett, and other fossils 


49 


4-6 


B 6 


8-9 


6 5 

2-3 
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2 Lim^stonef buff-gray to buff, weathering to brown, and 
thick bedded, with DtphyphyUnm rectueptcUum Ro- 
mlnger, PrvtmaiophyUum »p with coraffitm averaging 
8 mm in diameter, PwtmatophyUum sp i^ith coralhteM 
4 to 5 mm m diameter, Atri/pa coitata Bassett, and A 
ehlerst Bassett 50 

1 Limestone, buff-gray to gray, mottled, dense and some- 
what magnesian m lower part, eon taming JSynapio- 
phyllum f %p , Airypa elegans Orabau, A cMtata Bassett, 

PerUam^Ua sp of P parva Bassett, and numerous 
specimens of Paracyclas sp 72 

In the deftcnption of this se< tion the Dundee hmestone is shown 
to have a thickness of 139 to 140 feet , the Rogers City limestom , 
604 to 724 the Bell shale, 1 to 10 feet The maximum 

thicknesses of these three formations in near-by areas art greater, 
however, than those exhibited m the quarry 

Drilling tests made by tht Muhigan Lamestonc and Chemical 
Company show that dolomites and some limestones are present be- 
neath the lowest Dundee strata exposed m the quarry Further in- 
formation may indu ate that a part of these dolomites and limestones 
belong to the Dundee formation and a part to the underlying Mack- 
inac limestone, which appears at the surface m the region bordenng 
the Strait of Ma< kinac 

The maximum thu kneiis of the Rogers City limestone, as shown 
by diamond drill cores a few miles south of the quarry, is about 
106 feet, that of the Bell shale is about 60 feet 

From the foregoing discussion the Rogers City limestone of the 
type section exhibited m the Michigan Limestone and Chemical 
Company quarry at Rogers City may be defined as the strata occupy- 
ing a position between the Dundee limestone and the Btil shale of 
the Traverse group 

The base of the Rogers City limestone apparently is conformable 
with the Dundee limestone and, where it appears m the Michigan 
Limestone and Chemical Company quarry, w at the base of a con- 
spicuous 8- to 9-foot bed of dolomite (see PI 1, Figs 1-2) More 
extensive field work may indicate that the contact is not conformable, 
furthennore, study of large collections of fossils from the dolomite 
may prove that this bed should be included within the underlymg 
Dundee limestone 

The contact of the Rogers City limestone with the overlying Bell 
shale IS disconf ormable , the effects of erosion of the Rogers City 
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limostont pnor to the dopowtum of tho Bdl ^hale are well illustrated 
In the quarry of (he Michi((an Limestoru and Chemical T orapany, 
about two miles south of the (rusher plant, the Bell shah iMdipits a 
broad, shallow depression eroded in tin Roj^ers ( ity hmestom B*- 
neath the bottom of the depression Iht Rogers ( ity him stone is only 
about 60 foot in thukmss, whieh, when conipan d with the maximum 
thakmss of 106 feet mduatos a leieal removal of 40 feet of strata 
Ihf surface of the him stone in this depiension shows anastomosing 
solution (hannels, one to two mehes m width and averaging about 
one inch m depth which were fonmel by weathering prior to tlu 
deposition of the Bell shale (see PI II, Fig 1) During tlu eourse of 
quarrying mm ailed pockets of Bell shah are eneountered within the 
Rogers City limestone Some of these {xiekets are small eavtrns 
formed by the solution of the limestone pnor to the de|>osition of the 
shale and subsequently filhd with it (sec PI II, Big 2), others arc 
erevices formed by solution along joints and later 611od with the shale 
The straligraj)hic redatiunship of the Rogers City limestone to 
the Devonian section of New York is of considerahh interest The 
limestone is overlam by the Bell shale, which probably is a correlate 
of some part of tlu Hamilton group of New York below the Ludlow- 
ville formatum It is umUrlam by the Duudet hmestom, wlueh 
oceupies a stratigraphie position at some unknown distance al>ove 
limestone bn tcias with ove Hying eakarcous strata collectively known 
as the Mackmae limestone ami exposed m the region bordering the 
Strait of Mackinac On Mackinac Island just east of the strait are 
(herty limestones which, as noted by Dr Carl Rominger (1873, pp 
24 26), contain numerous typical Onondaga fossils, some of which 
are present m the underlying breccias Since tho upper part and 
possibly all of the Mackinac limestone is of Onondaga age, as shown 
by the studies of Rorainger and of Gnibau (1913, p 365), the Dundee 
and the Rogers City limestones arc seen to hold a position in the 
standard Nc w York Devonian section be tween the Ulstenan and the 
Enan senes, which contain respectively the Onondaga limestone and 
the Hamilton group, the correlatives of the Mackinac limestone and 
Traverse group Whether the Dundee and the Rogers City lime- 
stones should be assigned to the Ulstenan or the Enan senes or to a 
distinct senes can b( determined only by further study 

The Rogers City limestone is related to certain Devonian strata 
of northwc'stern Manitoba, which, according to Dr h M Kindle 
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(1914, pp 248, 251-257), (onnist of tl» tlm Point hmestoiu at the 
baat , the Winnipf Rosan dolormtf in tin inuldh , and the Manitoban 
limestone at tlio top V larj^e nuinlx r of spef u s of gaatropods and a 
few spccit s of othtr invert tbrab H winch Wfrt listidhyJ B Tyrrell 
(1892, pp 207-208 E) aa being confined to the innipt gosan dolo- 
mite, have been found in the Ilogeis C ity Uinestonc Strtriyocephalu^ 
buihm Defraruc, which is c harac tc rmtu of the WinnijM gosan dolo- 
mite and certain Middle Devonian strata t>f KurojH , has not laen 
found in the Hogeis City lime stone The apparent absence «>f 
Stnrigw € phalli** m the Hoge rs C"‘ity lime stone seems unusual lx cause 
this limestone e ontains many gastropod ge ne r i w hie h are e harae te r- 
istie of the Sinngocepkalus zone of Manitolii and ruiope Some of 
the gemia and species of gastropods feamd in the Rogers City limi - 
stone have Ix^en re jxirted from both the StnngoccphaluH-be aiing 
Winnipegosan dolomite and the Manitoban limestone. J he oeeui- 
renee of these genera and species in the Winnipegosan dolomite and 
the Manitoban limestone makes it imiKissihle at this time to state 
whether one or both of these formations should be lorrelated with 
the Rogers C ity lime stone It is liofxxl that a furthe r study of the se 
formations and the ir faunas by the junior author will show the exae t 
Htrafigraphie rtlalionship of the Rogers City hmesteiiu to the De- 
vonian strata of Manitoba 
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LITHOLOGY OF THE TRAVERSE GROUP 
OF CENTRAL MICHIGAN 

BENJAMIN F HAKE AND JED B MAEBIUS 

scope OP PAPER 

I N THIS paper it is the writers^ intention to delineate and de- 
scribe bnefly the character and extent of the lithologic units into 
which they have been able to subdivide the Traverse group m central 
Michigan, where these rocks are at considerable depths beneath the 
surface and are known only from samplers obtained by drilling They 
also wish to suggest possible correlations between the lithologic uiuts 
of the Traverse group as determined by subsurface methods and the 
formations into which the group has been divided by those who have 
studied surface c xposures Because of the impossibility of examining 
the strata directly, the Traverse group in central Michigan can never 
be satisfactorily subdivided on a faunal basis 

The divisions of the Traverse group here made arc essentially 
divisions of expediency, but experience has shown that thf*se litho- 
logic units are capable of precise recognition over short distances 
and of approximate identification for distances of many miles, in 
some instances almost completely across the state These divisions 
are thus formations, at least in the sense of being units capable of 
identification over large areas, and they may prove to be of greater 
service than many of the f<Mrmation8 to which names have been 
applied 

natorb op preparatort work 

The data here presented are derived wholly from examination 
of samples taken from wells drilled for oil These samples were col- 
lected systematically as the dnilmg progressed, successive samples 
reiMresenting thicknesses of 48trata ranging between 2 and 20 feet 
B^ore examination the san^iles were thoroughly washed, on ac- 
count of the eliminatioti of mud 6rom the cuttings, it is possible 
that during the examination of samfiles some thm beds of shale may 
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huv( ixcn pdietratocl by th( wolls without bi inj? rrtogiuzcd Ihf 
authors do not bchev v that thi'' possibilit> rc pn srnts any gn at a( 1 ual 
losh btcausf it IS thur obstrvation that whoro limtstoms an mttr- 
b(ddtd with any notufable amount of shale tin hint stems an 
thnnsdveH slightly argillaceous burtlunnon, coiiKuUrabU fxpen- 
(iKe m subsuifau geological work has (onvinctd the senior author 
(hat ?f any imt>orta«t part o( a geologic s<c tion is c onipos< <1 of shah , 
some (piintitu^s of that matt rial remain m the samples aftc r n p( at< d 
washings, t\en wlun those shahs an (ompostd to a large extent 
of vt ry soft or even absorbent el lys 

The samples are siibjeeted to system itit inegaseopit and mu ro* 
seopK examination, and also to some invt stigatmn by treatmtnt 
with arid and staining fiinds to bring into relief the textures anti 
uimeralogual < ompositums of the lotk ehips I he collection of data 
feir this report has been earned em over a period of about two and 
one “half yeais, during which tune samples of the Traverse group 
from many scores of wells have betn examined The descnptioiiH 
pie sente d on the cross seetions are from wedls selretod chiefly on 
account of the (ompleteness and the authentuity of their sample 
record (see Appendix) All desenptions and statements made m 
this pa])fr come ruing the rocks of this group refer solely to the 
charaeteristies of the sediments within the area traversed by the 
accompanying sections, since the writers have had but little opfjor* 
tunity to visit or to study the surface cxpe>Nures of these rocks 
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SLDIM^NTS UNPHIMINO THt TRAVV K8I GIlOl’P 

1 hi T rav( rst groiip is undi riiiin hy massive t Ut an oils st dime nts 
which arc generally spoken of aa Dundee, but whuh in many lo- 
fahtUH may actually be of greater age In the t astern part of the 
state the Traverse rests on a brown dense to fine-grained hint stone 
whieh IS forre luted with the Dundee formation In tin eentral ixirt 
the lithology of this unehrlying nerics is (|uite \ariable> being in some 
])laees pure hniestone like that m eastern Miehigan and in eUhtrs 
deilomitic limestone In some localities pure dedonutes fxeur In 
Isabtlla and Gratieit counties and southwe stw ml it is eloubttul in 
many plae e s whe the r the I rave rsc reals ein 13nnde e or on some oklt r 
beds Farthoi west, in the vieinity of Kent and Muskegem eounties 
the Jra\ers< rests on buff to brown, dense to fine-grained limestone 
which IS similar to and tentatively eorrelated with the Dundee 
feinnation 

The beds bene ith the Traverse are remarkably fiee fiemi irgd- 
laee oil s material Re cogmrable feiasd fragments are very rare The 
beds are blown tei buff loeally almost white The giay eoleu whieh 
IS preeleiminant m the Iraverse, is laeking in the sediments beleiw it 

iHl!. TIlAVUtS* BABIN Ot SUBSIDKNCE 

In its major asixets the eiepressioii within whieh the Iraverse 
formation was deposited is an elongated basin, witli its principal 
axis m a northwest-southeast position and situated appreiximately 
beneath the inner jKirtion of Saginaw Bay (Ing 1) The maximum 
observed depth of this basin oceufh northwest of the north whore of 
Saginaw Bay, but it cannot bo stated tliat this is the greatest depth 
of the bawm because there has not ye t be < n cnougli drilling along 
the apparent northwest prolongatmii of the axis to define the area of 
maximum Mubeidence 

The regional warjiing by which thiw bawin of deposition was pro- 
duced was eomphcate*d to wome extent by loeahzed crustal de- 
formations, as IS evidenced by considerable variations in the total 
thickness of the Traverse group displayed by dosely adjacent wells 
On aeeount of the fact that so many of the wells have been com- 
pleted without preserving adequate samples of the Traverse, it has 
been impossible to formulate any worth-while concluMons eonce ming 
the details of diastrophism m Michigan dunng Traverse tune 
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GENEAAr^ CHARACTGRIgTrcS OF THE TRAVERSE SEDHtfENTB 

Tliough recognizing that sucii procedure may prove to be in- 
correct, the writers use the term ** Traverse group” in this paper 
to designate that senes of beds which underlies all gray and black 
shales near the baae of the Antnm formation and which overlies 
the massive, buff to brown, relatively unfossihferous hmestont s and 
dolomites belonging to the Dundee and older formations 

fht predominant feature of the lithology of the Traverse group 
of sediments in central Michigan is its composition of calcareous, 
argillaceous, and siliceous matenals in vanous degrees of admixture 
These rocks range from remarkably pure limestoms through cherty, 
dolomitic, and shaly limestones and limy shales to nearly pure clay 
shah s 

Limestones and dolomites predominate m the west and southwest 
In southern Ottawa and northern Allegan counties the Traverse 
group 18 composed entirely of massive clean hmi^itone and dolomite 
Beds of shale aptiear in the group a few miles north and east, and 
these mtercalated shales merease in number and thickness eastward 
across the state, so that m north-central Huron County massive 
limestone composes only about 20 p(r cent of the thickness of the 
group 

Although brown limestones and white limestones occur frequently, 
the eharaf tenstic color of this group is gray This appearance is 
due in part to the fact that many of the limestones are made up of 
comminuted fragments of fossils of different shades and textures and 
m part to the presence of varying amounts of clay 

The second outstanding characteristic of the rocks of this group 
IS the presence of abundant fossil debris, which includes fragments 
of cords, hydrozoans, bryoaoans, cnnoids, and hrachiopods In 
many loc^ities and at several stratigraphic honaons wells penetrated 
long sequences of even-textured light-colored limestmie without 
notable evidence of stratification and with a mmimum reeo|^ 
mzabie fragments of such fossils as brachiopods and^nnoids These 
ore regarded as fossil reefs composed of the remains of hydroaoans, 
corals, and algae 

Chert 18 abundant m many of the purer limestones and has been 
noted in a few places where the rocks are quite argillaceous A few 
individual samples are composed almost entirely of chert, showing 
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the prenencp of lentils of dense, massive chort up to 10 feet m thick- 
ness In mast occurrences, however, the chert is intimately intcr- 
grown with the hmestonr, and sometimes to such a degree as to 
require chemical or petrographic methods for distinction lietwcin 
the minerals 

Dolomitu limestoms are fairly common m the Traverse group, 
in some localities su(h roeks compose the bulk of the section The 
lithology of these dolomitie sediments vanes from a dense to fine- 
grained calcitic limestone enclosing minute rhombohedral crystals of 
dolomite, through l>eds which appear to be comiKised of limestone 
strata with lentils of dolomite, to pure granular holorrystalhne dolo- 
mites 

Observed lithology of the 1 raverse group and the subdivisions 
heroin recognized as units are shown by the sections presented m 
the accompanying figures 

DESCRIPTION OF LITHOI OOIC UNITS 

Bell Shale 

The lowest unit of the fraverse group is composed of gray shales 
which arc only slightly calcareous, except in their basal portion, 
which IS characterized by the presence of pynto and an abundame 
of erinoids and o«tra(ods In the central part of the state, especially 
in Montcalm County, there is at the contact a black organic dolo- 
mite which contains abundant pyrite and which may belong either 
to the Traverse group or to th( underlying senes The thickness 
of this bed varies from 2 to 15 feet Beds associated with this basal 
member frequently yield specimens of a finely nbbed brachiopod so 
small that they are sometimes undamag<Kl by the drill 

The beds above this contact zone are gray, slightly calcareous 
shales with only a few fossil fragments The maximum observed 
thickness of the Bell shale is 110 feet m Manistee County (Fig 3) 
It w nearly as thick over a considerable area, bemg 80 feet thick m 
Antrim County (Fig 4), 76 m the Saginaw Bay region, and 70 in 
Alpena County (Fig 2) The Bell shale thins southwestward from 
the center of the state until m Muskegon County it is only 5 feet 
thick It disappears entirely in Allegan County and has not been 
observed farther southwestward 

In the lowest 10 to 30 feet of the Boll shale in Montcalm County 
(No 8, Fig 2) there occurs a bed of brown granular doloimtic lime- 
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stoiu \ery similar to thi so-tallui Dundee of that ngion In th( 
dnlluig of m veral wells this bed has htH.n eironeoasly lalltd Dundee 
until hub^oqvunt dt opening revtahd the error 

The samples from one well in Manistee County induate that 
there is a 5-foot bed of shalt carrying large qnantitu s of anhydrite 
about 25 f(tt btlow the top of thf Bell Howevfr since similar 
oeturnnets havt not beta rnognized in othir wells and simt an- 
hydriti btds were exposed in the op^n hoh abovt this point whih 
drilling was in progress th( authuitieity of this one is open to 
question 

Rockport LiineHione 

Abov( th( B<11 shah tiun is a variable thukiiess of beds more 
caUanous than thow dtlur above or below it In the nortlu astern 
part of the stab this unit is a rtlatnely pure him stone (Fig 2) 
and is probably approximately etiuivalent to tlu beds exposed in 
tin Rockport tiuarry ^ It is generally highly fossilift roiLs and locally 
(lurtj In most of its o<currenees it eontains so mu(h shah that it 
IS our ( ustoin to d< s( niu it as a hiny shah In many sets of sam- 
ple s it Is represent! d only by a notable abundance of calcareous fejssds 

It) the southwest this unit loses its identity because of the in- 
cieasing lime content of the overlying lads and southwe^st of lake 
and Montcalm counties (higs 2-3) the wntcis have not benn able 
definitely to recognize any equivalent for it Jo the northwest, in 
lioscommon and Antrim counties (Fig 4), there is a 60- to 80-foot 
thickness of relatively pun fossiliferous, locally dolonutic gray lime- 
stone near the base of the Traverse scrtion, which is correlated with 
the Rockport 

I he wntc rs have bet n unable to recognize the Rck kixirt m samples 
Irom wells in northern hhiawassco County, where the relationships 
between the logs (Nos 33 35, Fig 4) suggest that the Traverse 
loses thiekness by progressive southward overlap 

Middle Shale and JAnieatone Ihnt 

AlKJve tht Roekjwrt there is a series of shakes, !npy shaleH, muddy 
hmestonts, eherty limestones, and dolomites which attains a maxi- 
mum thiokne ss of about 220 feet (Figs 2, 4) in the region surround- 

* Smith, R A , " fiime«tone» of Michigan,” Mich 0€(fl and Btol Survey 
Pubi 2bGeol Ser 17, p 174(1916) 



/ ithology of tfw Traverne Group 


453 


iiiR 8llglna^^ Ba> It t\nm to 190 ftot in Alpoua C ounty and im 
not o\«r 120 ffd thuk in Livinji;ston (ounty It ih ohara( tt nz* d 
by the pn s( tu ( of gr ly shales with a \ arying hmt oont( nt int( rbt ddt d 
witli varying tliukmsHfs of limestone I he majonty of th( inttr- 
Ixddui limestones are brown to black, they contain less ilurt than 
tlu hmestoiKsof the highei members of the lra\(rH( group 

I Ins unit in Alpe na ( ounty is be lie n e el to e ontain tlu upavalents 
of the Long Lake stage e»f Grabau, whuh me hides the Ferron Point, 
Genshaw and Kilhans of Uarthm anel C oeiper * A black limestone 
probably equivalent to Warthin anel Coeipe r’s Killians limestone is 
recognized as the upper of Uvo hea\y liimstone s in the logs of wells 
No 17 and No IH in Aleona anel Alix na eountii'' (hig 2) ( om- 

parison of the leigs eif some of the wells in the central part of the state 
HUggests that this middle shale and hmestenie unit contains large 
lentieular boehes of limestone (hig 2) which are usually dark brown 
and highly organic but which aie locally bhu k like the Killians 

1 he identity of this unit is lost in the western pirl of the state, 
wlurc it stems to have been replaced by inassue limestone and 
doioinite Whether this was aeeomplished by change of facies m 
contemporaneous sediments or by overlap eannot be determined 
dehnitely at present The autheirsare me lined to favor the idea of 
lateral gradation from shales and limestones to massive limestone 

To the south this number seems to be elisappeanng by overlap, 
but in northern Lenawee County well No (tig 4) einlled 70 feet 
of hmy shale emelosing 10 feet of elense limestone which is regarded 
au belonging to this unit I his shah is probably also ee|uivalent 
in part to the Silica shale of Ohio * 

Middle Mat^mve Limeatone I ml 

The me)8t prominent lithologic unit of the Traverse group is 
(omposeKl almost wholly of massive limestones and dolomites with 
vaiying large amounts of ehert In an eastward dirtetieni the lime- 
stone IS diNplacenl by intercalated shales to such an extent that m 
northe rn Huron County tht apparent stratigraphic jmsition of this 

* fjrabttu, A W , Stratigraphy of the Traverse Group of Michigan, ' 
(?ce>l Surv Mudi , Ann Rept for 190 J pp ia3'2l0 1992 

» Warthin, A 8 , Jr , and Cooper, G A , New Formation Namoe in the 
Michigan Devonian, ' /oum Wtuh Aead Set y Vol 25, No 12 1935 

* Stewart Grace A , “Oetraeods of the Silica Shale, Middle Devonian of 
Ohio, Joum Oeol , 10 739 1936 
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limcHtono member is occupied by shahs, with a few relatively thin 
b< ds of eherty limestone 

In the central part of the state, where the identity of this unit 
IS fairly w( 11 established over a considerable area (Fig 2), its thirk- 
mss ranges between 250 and 300 feet The majority of the lime- 
stones are light gray to white, and apjiear to be composed principally 
of fossil remains C 'orals, bra< hioixids, innoids, and bryozoans are 
especially abundant throughout 

Chert occurs in var3nng amounts from top to bottom of this 
unit, some beds being almost pure It is sometimes dense and mas- 
sive, which suggests the presence of large kntils or heavy beds, but 
often it IS so intimately mtcrgrowii with the limestone as to render 
its detection difficult In color it vanes from light brown through 
shades of gray to pure white The eherty zones are capable of 
fairly accurate correlation over distances of from 6 to 10 miles 

The writers have been unable to subdivide this unit satisfactonly 
into individual members or strata, because m a general way it is 
much alike throughout its thickness^ and in minor characteristics it 
is extremely variable In nearly every set of samples there occurs 
at least one and sometimes several thick zones of dense, even-textured, 
light-colored limestone, with only minor quantities of recognizable 
fossil matenal and most of that consisting of tmy fragments of corals 
These sections, which are mterpreted as reefs, constitute one of its 
prmcipa] charaotenstics 

Dolomitic limestones and dolomites occur in several positions in 
the unit and have been recogmzed m numerous localities throughout 
the state In the central and eastern part dolomitic strata make up 
only a small fraction of its total thickness One exception to this 
statement is well No 14 (Fig 2), in which it was found to be dolo- 
raitic through more than half its thickness The reason for such 
aiK occurrence gives nse to much mteresting speculation, but so far 
no satisfactory explanation has been formulated Dolomitic 4une- 
stemes are thicker and more frequent in the Traverse |proup in the 
southwestern part of the state One or two sets of samptes ex- 
ammed were found to be almost entirely pure dolon^ite 

In Muskegon County the upper portion of the lower half of the 
Traverse section contains a thi^ senes of dolomites and anhydrites 
(Fig 2) This member has not been positively identified outside 
Muskegon County, but tdmilar sediments, in a dmilar stratigraphic 
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position, have been recognised in welk m neveral of the westeroniost 
( ounties A persistent dolomite, which may be partly equivalent to 
the member, has been obser\^ed in a number of wells m Kent County 
In several sets of samphs from Muskegon, Manistee, Antrim, Ijake, 
Newaygo, Kent, and Montcalm < ounties dolomitu aoncs were note<l 
in the upper part of the Traverse group Ihese may prove to be 
approximately contemporaneous, but their equivaknce has not been 
definib ly establislw d Like cherty zones, tlu dolomitu horizons 
are useful as markfrs for local stratigraphic and structural purpo8<s 
within limited areas, but do not appear to be sufficiently uniform 
and continuous for regional correlations 

In the upper part of this unit there are jiorous zones that contain 
salt water and, locally, oil and gas Thi‘He porous zonej« do not 
seem to b* confined to a single definite honzon, but are usually 
near the top of the highest < hert 

Becis of shale are present within this predominantly hmy unit, 
but they are not very promnunt west of Gladwin and Saginaw 
counties Last and southeast of these counties shales increase so 
rapidly in number and thickness as to suggest that this entire senes 
of cherty limestones must disappear somewhere under Lake Huron 
The logs of wells m Alcona and Alpena counties (Nos IT-IS, 
Fig 2) indicate that what is here called the middle massive lime- 
stone unit of the Traverse group includes the Alpena lunastone in 
its lower portion and probably among its upper members equiva- 
lents of the beds to which Warthin and Cooper * have applied the 
names Norway Pomt, Potter Farm, and Partridge Point (Thunder 
Bay stage of Qrabaii •) 

The writers have been unable to make a satisfactory correlation 
between their subdivisions of the Traverse group and those of the 
Petoskey section as desenbed by Pohl This is partly because the 
samples from the newest well (No 27, Fig 4) were an unperfect set, 
and partly because PobTs descnptions of rocks examined by him 
emphasize charaetenstics which arc^ not easily recognized m well 
samples 

Fifty feet of massive limestone and cherty dolomitic limestone 

* Op cjil * Op cu 

’ Pohl, Erwin Iti “The Middle Devonmn Traverse Group of Rooks in 
Michigan A Summary of Existing Knoa ledge, * Proe 0 S Nat Mwttum 
70, Art 14. 1-34 1929 
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repnwdits this middle ma«si\e liuuKtom unit m A\cll No 36 (tig 4) 
m Lonaw(* ( ounty, and thtsf limestones may be equivalent to the 
cherty IinuHtorus fxjxised on Ten Mile (’nek in Ohio * 

(/ppet Shale I riii 

Above the rnuldU massive limestone unit then is a very per- 
sistent and rather uniform gray shale which attains a maximum 
obsi rved thu km ss of 60 U et in southern An nae C ounty (well No 15, 
tig 2) trorn this rc'gion it thins to the west, south, and north 
hut information from the east is not available Ihc thinning of 
this shale unit from its are a e^f maximum thickness take s place rathe r 
rapidly at first and then more sleiwly In southern Saginaw (Vmnty 
and 111 Gratiot, Isabella, Clare, and Hoseominon counties this unit 
is not over 40 feet thiek It is reeogmzable in Ijciiawee C^ounty 
(well No 36 Fig 4), where it has a thickness of 35 feet, but it is 
absent on the Heiwcll antiehm in Iivmgstein C minty (well No 36, 
Fig 4) Southwi stward it is re cognizeel os far as Kt ut ( ounty 
(well No 4, Fig 2), but it has not been ulentified westward beyond 
Isabella CJounty (well No 22, Fig 3), nor has it been reeogmzed 
m the extreme northwestern part of the state 

In mc>st of the well sections this shale unit appears as a light 
gray shale, uniform m eharacter and texture, and rather poor in 
fossil content lo the northeast it becomes more ealrareous, and 
m Ogemaw (well No 16, Fig 2) and Huron eountu's it contains 
some intercalated beiis of limestone 

No definite correlation has been made between this shale and 
formations desenbed from surface exposures bccauHe well No 18 
(Iig 2) started in what is behoved to be the upper part of the Alpena 
limestone and well No 17 (next nearest to the type leHalities) does 
not appear to have any section whidi can be definitely identified 
as the Partridge Point or Potter Farm of Warthin and Cooper,® 
although this shale is believed to occupy a stratigraphic position 
immediately below their Squaw Bay limestone 

Squaw Bay Limestotie 

The uppermost member of what is here included in the Trave rsc 
group IS a fine-grained, light bniwn, usually dulomitic Imicstone On 

■ Stauffer, C R, “Middle Devonian of Ohio/ Oeol Surv qf Okw^ Bull 
10 Fourth Senei*, pp 145-146 1909 ^ Op ett 
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th( basis of smnlarity of appoaranct and stratiRraphu jaisition this 
unit IS (orrdatcd with tho Squaw Bay limostone f)f Warthin and 
Coopt r It has boon rooGgnuid m wdl sottions about as widely 
throughout tiu state as has any other unit of tho Iravirse group 
Its tint km ss rangth from 15 to 40 fett, tht \ inations appealing to 
bt dm to lotal conditions rather than to any systematio ugiemai in- 
flue nt os It has lx e n re e ognizod m almost o\ ory si t of samples s( e n 
by the writers from Huron and Aleona eountics m tho northeast, 
through Lenawee County em the south, ivent C ounty on the seiuth- 
west, Monte aim ( ounty to the west, and Reiseomnuni (^ounty te> the 
northwest It has not been idontifieel in Muskegon Lake, eir Antrim 
eounties 

I hiH unit IN generally peireniK ami Halt-water be anng anel in some 
lexahtus yields oil and gas In the earhei times e>f oil development 
m Muhigati it was H|X)keu of as the “Saginvw saiul 

()verlyiu{f Tuinaition Zoue 

After the depoNition of the Sqiuw Hay limestone there was 
sporadic and intermittent elcpeisition eif gray shales mmilar in ehar- 
Bcter to thewe of the 1 raverse group In some places also thin beds 
of gray limestone we re de positeel in associatiem with the si gray shales 
Ihcso gray be els are mterbedded with blaek shaloR typical of the 
Antrim fonnation In the western part of the state a senes of gray 
shale, with a few limy beds rests on typual Iraxersr Imu stone 
and has been geimrally aecepted by geologLsts as the uppermost 
member of the Traverse group Last ward heiwfver, these upixr 
shales and limestones arc found to be very dise e)iitinue)us Rorks m 
the corresponding stratigrajihie position are chieflv black shales of 
the distinctive^ Antrim type, with one or seven! thm bods of gray 
shale of the Traverse typo Locally the gray sediments are (‘n- 
tirely missing in samples fit>m this hormin, which may be significant 
or may be due to poor sampling 

Beeause this zone does not constitute a definable lithologic unit 
and Ix'tause it is largely eomposed of nicks which definitely are not 
of tlie Traverse type, it has here been excluded from the Traverse 
group and is recognized only as a transition phase between the 
Traverse group and the Antrim formation 


•• Op at 
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HIBTOHICAI GEO LOO V 

Beiause of the fmt that fossils are almost always broken mto 
very small fragments before being recovered from wells the writers 
have behe\ ed that m all probability such fossil matenat as is avail- 
able from well cuttings would be so imperfect as to prove of little 
use for purjiosta of correlation or faunal zoning On that account 
and because of the necessity of loggmg a large number of wells in 
a limited time, they have done no systematie collecting of fossils 
dunng the progress of the sample examination Some smalt collec- 
tions were made from a few of the wells described in this paper, 
but the reports of paleontologists who undertook the examination 
of this material have not yet been received In the absence of a 
knowledge of the distribution of indi\idual faunas or of faunal 
affinities, the writers^ notions of historical geology are nocessanly 
based entirely on hthologu variations within the group 

Since much shale occurs in the lower and upjier portions of this 
group, and the intervening strata are of nearly pure limestone, it 
appears to record the invasion of the area by a sea which spread 
so far beyond the limits of the state that httle clastic material was 
delivered into central Michigan dunng a considerable part of Traverse 
tune Because the group as a whole contains increasmg amounts of 
shale to the south, east, and northeast, it seems reasonable to con- 
clude that the shores of this sea lay ih those directions from central 
Michigan The Traverse thins to the northeast and very rapidly to 
the south, and therefore it is reasoned that thw sea probably advanced 
from the west and northwest and that any temporary regreamonH 
dunng the deposition of the Traverse group were probably toward 
the west and northwest 

The extent to which the terrain may have been subjected to 
Hubaenal erosion pnor to inundation by the Traverse sea is a ques- 
tion whub must be solved by a detailed study of the Dundee and 
older formations The very gentle slopes displayed by the upper 
surface of the Dundee formation (if post-Marshall structural in- 
fluences are neglected) indicate that thia terrain ^as one of very 
low relief The apparent absence of anything which could be termed 
a basal con^merate at the contact between the Traverse and the 
rocks upon which it rosts argues that the advance of the Traverse 
sea involved no considerable amount of wave cutting 
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In the western imrt of the state the waters of the Traverse sea 
must have been remarkably clear throughout most of the penod 
represented by the group, for m that part of the staU the outstanding 
eharactenstic of the rocks of the Traverse group is the almost com- 
plete absence of clastic material It may be that the reefs which 
are so abundant in the group prevented the transportation of much 
elastic material from the littoral zones into that part of the Traverse 
sea which covered what is now southwestern Michigan 

The repeated deposition of rdatively pure limestone m the pre- 
dominantly fthaly lower part of the Traverse section m the more 
southerly and easterly parts of the state st?cms to record periods 
when the seas of this region were less muddy than usual Thest 
periods of calcareous deposition may have been when the shores of 
the Traverse sea were temporarily at very low topographic relief 
or when climatic conditions were such as to produce but little tro- 
sion, or when the subsidence of the basin of deposition proiinxlcd 
at a sufficient rate to produce relatively deep water 

The presence of anhydntes just below the middle of the Traverse 
section in Antrim County (Fig 4) and the occurreme of a dolomitit 
zone in a similar stratigraphic position in Muskegon, Kent, and 
Montcalm counties (Fig 2) suggest a time of concentration of the 
waters and possible separation of part of the Traverse sea from the 
oceanic waters of the Ume, perhaps by a system of barrier reefs 
A decrease m the area of the Traverse sea, or at least a decrease 
in the depth of its margmal waters, is recorded by the rather pure 
shales which overlie the Alpena limestone and constitute a wedge 
(Fig 2) extending from the east into the central portion of the middle 
massive limestone unit of this report It seems possible that this 
suggested contraction oi the area may have been contemporaneous 
with the increased salmity which promoted the deposition of an- 
hydnte in the upper part of the Traverse group in Antrim County 
(Fig 4) It 18 perhaps a significant observation that a very per- 
sistent dolomitic zone occupies substantially the same stratigraphic 
position lu aoutbern and southeastern Michigan 

After Alpena time the Traverse sea may have been temporanly 
deprived of part or all of its connection with tlie open oceans 
that tune and this event may have been accompanied by a re- 
treat of the littoral zone and a concentration of the waters of the 
Traverse sea, thus permittwg the zone of shale deposition to ad- 
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vancc toward Iho tentd of th< basin and tanmug the deposition of 
anhydntfs and dolomitcK or rocks whuh later became dolomites 
A subsequent pentKl, when the Travtrm aca was ri latively shallow 
and mud-Iadtn over a large part of Mic lagan, is recorded by the 
shale scrus whuh is here dcMgnaUd t)»e upper shale unit Tlu 
return of cltar*water (omhtions, pnsumablv taiised by further re- 
gional subsuknee, is induabd liy the purity of the Squaw Bay 
hint stone 

1 ho unit hero lalUd tlu ovtriying transition ssont ruords the 
final withdriwal of tlu Jravirse sea or the alteration ol the paho- 
geography in such a manner as to cause iihsation of tiu Iraverse 
type of d< position m the area and inception of the deposition of the 
distimtue bhuk organic shah of tlu Antruu formation 

iiVlY RBFININQ CoMHANl 
Saginaw, Michioan 
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1 

Continental Oaa A Oil Co 

No 

Ki 

Walker 

Str 

26 

ION 16 W 

2 

Munkegon Oil Corp 

No 

1 

Gaemi 


27 

10N-15W 

3 

Rex Oil A Oaa Co 

No 

1 

JohnHon 

See 

36 

10N-12W 

4 

National MincraJe Corp 

No 

1 

l»ewi8 

Sec 

5 

ION IIW 


Sidney Montcalm Oil Co 

No 


Madison 

Sf< 

33 

10N-7W 

6 

Old Dutch Oil A Oa« Co 

No 


Kuaeell 

Sec 

29 

10N-6W 

7 

OtUilan Oil Corp 

No 


Went A Benjamin 

Sec 

17 

10N--5W 

a 

Gulf Refining Co 

No 


FwUer 

Sec 

2 

10N-6W 

9 

J G Tiplady, Irustoe 

No 


I^avimk 

Sec 

n 

11N-3W 

10 

H F Bell 

No 


NilBeij 

Set 

16 

13N-3W 

u 

Hrehm Hollman Od Co 

No 


Ml Blain 

Soc 

13 

16N-3W 

12 

J V Wicklund 

No 


Neal 

See 

IS 

16N-2W 

n 

GoU, Gravea A Meohliug 

No 


Oarti 

Sec 

2A 

IHN-l W 

14 

Tamblyn A Martindalo 

No 


Buffalo I And Co 

Sec 

7 

19N 3E 

15 

Melhng Oil A Gas Co 

No 


Roma 

Sec 

6 

21 N~3E 

16 

Rk bfieId-Bs4 ku» Oil Corp 

No 


I^nton 

Seo 

18 

23N~3E 

17 

G K Thalman A J A 








Morns 

No 


Kehiman 

Sec 

10 

26N 7E 

18 

C W Teatcr 

No 


Nevms 

Sec 

18 

32N-6E 

19 

J Bolema 

No 


RodWmgDev Oa 

Sec 

16 

21 N-16W 

20 

C W Teater 

No 


McCabe 

Sec 

26 

20N-J2W 

21 

Daily Crude Oil Co 

No 


Hoffman 

Sec 

9 

16 N-7 W 

22 

Pure Oil Co 

No 

1 

McClintic 

Sec 

15 

14N-4IW 

23 

I'ure Od Co 

No 

1 

Bluemer 

Sec 

10 

12N'1E 

24 

W R Borough 

No 

1 

Brady A Fordney 


29 

11N-4E 
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25 

Mid Btatti IH'V Ci» 

No 

1 

Burli son 

See 

21 

26 

8m 1 til Petroleum Co 

No 

1 

Jolly 

St t 

5 

27 

M(Clanahan Oil Co 

No 

1 

Whito-Pearson 

Sec 

4 

28 

North Mulligan land A 
Oil Co 

No 

1 

Harlu u k 

Stc 

31 

29 

Sun Oil Co 

No 


Becker 

Set 

2 

30 

M F Wlutehill Sr 

No 


Spuer 

Sei 

11 

31 

H L MeEvoy 

No 


dander 

Sec 

18 

32 

A H Webr r, Trustee 

No 


Kir( hiK 1 

Set 

15 

33 

Smith Petroleum O) 

No 


Chase 

Sec 

21 

34 

n H O Donnell 

No 


Hardy 

Stt 

7 

35 

Talbut Oil Co 

No 

1 

M( Pherson 

StL 

35 

36 

St 1 ouis Pipe A Supply Co 

No 

1 

Dibble 

See 

16 


10N-5E 
9 N-8 V 
31 N 'iW 

24 N-^ 
18K 3 
17N-2 
14N-3r 
13N 31* 
9N 2E 
ON 41* 
3N-4I* 
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GEOPHYSICAL MEASUREMENTS IN LIVING 
8TON (^OUNTY, MICHIGAN 


WILLIAM G KFCK 

I N T HL fall tenn of 1935 an olemontar\ (ourse ni appln d git)- 
phyKioa was jntro<luf ed into the rurnc ulum of the Applied Sm nee 
Division of Michigan btat< College It was considered imperative 
that a certain amount of field work in sorru of the geophysical 
methods lie incorporated into this course It is the manner of making 
these field mcasurenu iits, and the interpretation of data taken by 
students engaged in this study, with whuh this paper is concerned 
In ae< ordanct with suggestions made by the State Ooolognal 
Survey the area to the north and west of Howell, Livingston County, 
Michigan, was selected os a suitable proving ground for such measurc'- 
ments Considerable geologic information pertaining to this region 
iH available, and it is near enough to the college campus to permit 
short field excursions In selecting the type of measurements to lx 
made the factors of time and expense became very important The 
time a student can devote to such work is of necessity limited, and 
only instruments which are regular equipment in a physical laboratory 
are available The method should also be reasonably successful in 
revealing the known geologic structure In view of the covering of 
glacial dnft over all of Livingston County this last require me nt 
became ©epeeially difficult to meet Hubbe^rt’s * work on a similar 
problem indicates that an areal resistivity survey would be best able 
to answer alt needs 


TMEOKY OF MLAftUKFMBNT 

Several methods of measuring “earth resistivity" are ui practical 
use, differing mainly in the electrode configuration by which current 
IS supplied to the earth and the potential due to this current is 

* Hubbert, M K , “ HesuH^ of Earth-KeslBtivity Survey on Various Goologio 
Structures In Illinois,” Trans AIM K,Vol 110 1034 
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iiKastiud Iht irutitod introdu(<(i Hu on tu ally b> Wnimr aiul 
pradually applud by Gish and Roomy'* uas i rnployod throughout 
this woik It \\ill hf dtsrrilxd hrit tly 

\s m\v b( sttii l)y n f( n mt to higuit 1 cuirdit imasundby 
UR ins of a luilhamirif r, is supplied to thi laith through two outer 
(left rode s, from a "B’ bafttiy sourei Tlic voltagt of tins souni 



^10 1 S<h(!nHtu of nmi inetliod of imaMUiinK resiHtivily sliowniK 

instrumnitw airanKemint of (hetrodew and profile of rurront distribution 
t It clettrod(« 

ranges from 22 to 500 volts, dt pending upon th( roMstaiuf of the- 
trodes to earth Ah a result of thin flow a poUntial is dtvcloptd 
aeiohh th( two iniiei (Uctrodes whuh is nuasured with a jiotenti- 
ometer (apabh of reading to onr ten-thousandth of a volt These 
potential tketrodes are placed on a line with the two outer current 
eUetrodes and divide the total distance into thren equal parts, which 
we shall designate by the le tte r D If wi e all the e uirtnt through the 
e aith 7 ami the potential ai ross the inner e le e troeles K, the TCHistivity 
of the earth material ih give n, according to Weiimr, op at t by the 
e qu itioii y 


* Wennci, I* , A Method of MeaKuntiK Tarth ReniHtivity, Bulletin No 
y, TT S Bureau of Standards 1916 

* (iihH O H and Hooney, W I ‘ Measurement of Resmtivity of lairge 

of XlndiBturbed 1 arth, ’ Itrrt^tnol Magn^lmm and Almif»phenc Slec- 
Inctty, 30 161 1926 
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GimIi and Iloonty, op cit , stat( that this \alut of nsistuity is (ffu- 
ti\o for a h( muylindrual \olunu of luijctli I) and radius D sitiiatui 
with ith axis Ixlwtdi thr two potmtul thitiodts 

Having d( velojxd tlx t>asH priin ipl< of rnaknifj; resistivity rneus- 
unmints, we in now n ady to (onsidir the two fundinantal tt < h- 
nuiuts whuh Rovdii its fi( Id ap])li(ation 

1 HonzontaJ < xplojition ^ or OH thod of tin n '^istnit^ map Jn 
this nathod i sirits ot in< asurdiu nts an larridl out at vinous 
stations, witti th( saiia dutrodt spa< uir inaintaiiu d 1 hus i hon- 
zontil laytr of unifonu dipth ih fxplortd 

2 Virtual (xploration V sirus of iiu asiirdiu nts is mad( with 
indtaainf? ildtiodo spiring'^ at om oi si viral stations liy this 
iiieans thi variation of ajiparint itsisiivit> with imrfasing diptli of 
jKiictration ol tiu uurint is invtstigatid 


Hubbirt*^ has usul thr horizontal i xploration method to ditect i 
hum d antulini of intvssivr Divonian liniistoni, flanked on both 
suits b^ younj^ir Mississippian and Prnnsylvaman shales and sand- 
stoms 1 XI opt f(*r a hi uur manth of glatial dnft, our problun is 
viryHiinilai to his loovinoinr tin diffiiultus uitroduei d bv drift 
niati rials a modihi at ion of thi horizontal rm tliod has bti n di vi lopi d 
A desinption of thr fhiory follows 

Lot us axsiiim that at a Kivin station two nu iusun nunts havi 
born madt , i ai h at a diffridit eleitrodi st paration Tlu risistivitv 
at St paration Di may br railed pi that at A, p 2 us ussumi 

further that A is iargir than A Any ihangt m thr appari nt ri- 
sistivity pi from that of pi must then be pioportional to thi amount 
by whuli the material bi twtm diplh A and I)\ differs from that 
betwixn Di anti thi surfau If we disigrmte the resistivity of the 
rnati nal tn the intirval bi tween depths 7)i and D by the symbol p, 
we have 

(pa - Pi) oc (p - pi) (1) 


Moreover^ any rhange m apparrnf resistivity must bt dirietly pro- 
portional to thi amount, and mvtrsily proportional to thi avtiagi 
depth, of the newly added material 


{fh “ Pi) « 


2(A_- A) 

{Di -f D\) 



* Schlumficrger, !> and M , and Ijormaidon h G , * J lectHral f xploration 
of Water covered Areas, 7rorw A / M h, Vol 110 1934 ‘ Op nt 
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When these proportionalities art combined and solved for p 


k (pi — ' P\)(Di + Di) j 

2 i:d~dt 



InK|>eetion shows that in the event pa equals pi, p will also equal 
pi, which IS a mtcwarv physual n quin meat It n mains only to 
( valuatf tht constant of proportionality lias must be done empin- 
(ally Tht tntcnon of a satLsfattory vahn of k is that it lie of such 
mugmtudc that undtr no (onditums of observed values of pt and pi 
do W( obtain (omputed values of p kss than swro, sinu nigative n- 
sistivity has no physical iruaning Attention shouhl be called to tin 
fact that Winntr’s formula holds only for a homogem ous <arth 
For this reason tht apparent resistivity values cannot bt amirutdy 
interpn t( d as avtragf \ alius His formula also holds that th( shapi 
of tht < urrent path through the eaith is such that our assumptions 
in tquation (2) art only ajiproximate Thus since we are to mterprt t 
((juation (3) only as providing a naans of companng rtlaiive rt- 
sihtivity valutH, it follows that an accurate evaluation of k is uniuc- 
essary A v aliu of A; »• 1 has been found satisfactory 


EXPERIMENTAL DATA 

St venty-one stations have Ijccn completed in this area, the loca- 
tions of which are given on the accompanying maps (higs 2-4) At 
each of these stations three separate determinations of apparent 
resistivity were made, at electrode st paratioiis of 100, 200, and 300 
fett hrom these data it has been possible to compute resistivities, 
according to the method described above, for the material in the 
interval between the surface and a depth of 100 feet, between 100 
and 200 feet, and between 200 and 300 feet Ibe experimentally de- 
temumd apparent resistivities and the interval resistivities computed 
from them for each station are tabulated at the end of thus paper 
Each map gives the areal distribution of resistivities for one of ihest 
intervals 

INTERPRETATION OF RE8ULTB , 

The large Howell anticline has lieen dealt with at length by 
Newcombe • In his publication a stnictural map with contours 

• Vcwcombe, R B , “Oil and Gas Fields of Michigan,” MwMgnn OeoloQical 
Sumy, PubI 08, Geol Ser 32 lft33 
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dra^\n on the top of the Boreas as well aa an areal outcrop map^ is 
given The axis of the anticline is shown to extend in a general 
north\iest-southeast direction, plunging moderately to the northwest 
Its southwest dank is very steep, but the northeast side has com- 
paratively small dip The highest part of the structure occurs m the 
southwest part of the city of Howell, where the Berea sandstone 
outcrops under, or very close to, the base of the drift The Coldwater 
shales, Marshall sandstones, Napoleon sandstones, and Michigan 
Senes members, successively younger beds, outcrop on the flanks of 
the structure to give the characteristic areal geologic map for a plung 
ing asymmetrical fold 

The first map of resistivities (Fig 2), which depicts the interval 
from the surface to a depth of 100 feet, does not reveal any pattern 
which might be coiwtmed as reflecting subsurface structure This 
we should expect, since this interval w occupied almost entirely by 
glacial dnft matenals A tabulation of twenty-five wells which have 
penetrated to bedrock in this region gives proof of this fact 


Dnft thickneei tn 

No of 

mils tn feet 

welts 

160 or more 

2 

125 or more 

4 

100 or more 

11 

75 or more 

19 

74 or less 

6 


It IS to l>o noted, however, that a zone of high-resistant matenals 
exists in the southwestern part of the area Wells in Handy Town- 
ship show an average thickness of drift of 87 feet It is conceivable, 
thou, that electncally high-resistant sandstones are ecminbuting to 
these measurements 

Figure 3, for the interval from 100 to 200 feet} should give the 
resistivity pattern for the bedrock materieds unme^tely under the 
dnft It ought, therefore, to resemble very closely the outcrop 
map for the region This resemblance is quite ev^nt It is to be 
no^ that in the scale^of resistivities values hi^er tiian 260 ohm- 
feet may be interpreted as representmg the inclusion of considerable 
sandy matcnal in the mterval of measurement The high-resistant 
zone to the southwest indicates the presence of the Marshall and 
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Napoleon formations, and the steep dip of flank is clearly revealed 

by the rapid change m resistivity in that dm ction Correspondingly, 
the low dip side is shown by a low rate of change of resistivity in the 
northeast direction 

Figure 4 exhibits essentially the same features, except that the 
high-resistant aones have receded farther from the axis and, m gen- 
eral, lower values of resistivity are obtained on the trest of the 
anticline This, it is readily seen, must bo a consequence of the 
deeper interval of measurement 

A more detailed check upon these results will be possible when 
the new map of the areal geology of Michigan, which has been 
prepared by Helen A Martin for the Muhigan State Geological 
Survey, is made available 

ACKNOWLEDGMENTS 

The writer is indebted to me mbers of the State Geological Survey 
and to Dr S G Bergquist, of the Department of Geology, Michigan 
State College, for many helpful suggestions made during the course 
of this work 

Michigan State Coiibgk 

East Lansing, Michigan 



472 


William G Keck 


lABULATION OP RESISTIVITIES POR ALL STATIONS 


The three measuremeuts at each statiun are for depths of 100^ 200, 

and 300 feet, respoclivclv 


Staiion 

Apparent 

Interval 

Statioti 

A pparent 

/n(erf#af 

rrsuttvily 

renaltvtly 

reittHltvtty 

renttUvtty 


ohm -feet 

oh in “feet 


ohm feet 

ohm-feet 

1 

SW J of NW } of NW i 

K 

SE 1 of SE i of SE \ 


of 8e( 33, 1 3 N R 4 h 


ofS(i 33 T3N R4E 


398 

398 


311 

311 


507 

561 


361 

386 


534 

574 


414 

493 

2 

SE J of SE } of NW J 

9 

SW i of SE i of SE i 


of See 28, r 3 N, R 4 h 


of Sec 34, T 3 N, R 4 E 


376 

176 


192 

102 


260 

202 


156 

138 


179 

58 


131 

94 

3 

SW 1 of NW 1 of SW 1 

10 

SE J of SW 1 of SW i 


of Sec 22, T 3 N, R 4 E 


of 35, T 3 N, R 4 E 


243 

243 


333 

333 


219 

207 


262 

227 


t9fi 

161 


198 

102 

4 

SE J of SW i of SW i 

11 

NE J of SE 1 of NE J 


<»f Set 33 T 3 N, R 4 F 


of See 28 T 3 N, H4 E 


720 

720 


849 

849 


800 

840 


322 

359 


846 

915 


316 

7 

5 

SW i of SE i of SW I 

12 

SE i of NW 1 of SW 1 


of Soo 34, T 3 N, R 4 E 


of Sec 28, T 3 N, R 4 E 


298 

298 


515 

615 


274 

202 


353 

272 


250 

214 


219 

18 

6 

SE W SW i of SE i 

13 

8K 1 of SW i of NE J 


of Sec 35, T 3 N, R 4 E 


of Sec 32, T 3 N, R 4 E 


415 

415 


324 

324 


416 

416 


399 

436 


366 

291 


474 

586 

7 

SE ) of SW j of SW i 

14 

SW } ol NE J of NW i 


ofSer 8, T2N, R4E 


of Sen I8,T3N, R4E 


282 

282 


302 

302 


358 

396 


236 

203 


389 

435 


189 

119 



15 


la 


17 


18 


19 


20 


21 


22 
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TABULATION OF RFSISTIVITIFS {Continued) 


Apparent 

IrUerval 

Station 

Apparent 

Interval 

rpaiitwily 

resistivity 

resiettmiy 

NW J of NL } of SL J 

23 

HE i of SW 1 of NE i 

of 20, 1 3 N, H 4 L 


of Sec 24, T 3 N, R 3 E 

>4 

o4 


377 

377 

20 

3 


518 

585 

45 

82 


570 

851 

8W i of SW i of NE 1 

24 

NW i of NW 1 of NE I 

of Sop 29, T 3 N, R 4 


of Sec 24, T 3 N, R 3 E 

400 

4(K) 


513 

513 

509 

583 


581 

845 

404 

472 


576 

589 

SF J of few 1 of NE i 

25 

NW \ of SW 1 of \E 1 

of So( 30 r 3 N R 4 E 


of Sec 13 1 3 N R 3 E 

329 

329 


297 

297 

430 

480 


325 

330 

472 

535 


321 

315 

SW i of NW i of NW t 

20 

NE 1 of NE i of NE i 

of Hoc 25, T 3 N, R 3 E 


of Set 7, T 3 N, R 4 E 

322 

322 


328 

328 

424 

475 


201 

228 

507 

831 


200 

109 

SW i of SW i of NW 1 

27 

SW 1 of NW J of NW 1 

of See 19, T 3 N R 4 E 


of Se< 7, 1 3 N R 4 E 

354 

354 


332 

332 

458 

510 


404 

440 

508 

743 


388 

384 

NE 1 of SE 1 of NF 1 

28 

SE i of SE J of SW 1 

of Sec 19, T3N K4E 


of Sec 1, T 3 N R 8 t 

378 

378 


282 

282 

310 

278 


273 

289 

279 

233 


195 

08 

NE I of SE 1 of NE \ 

20 

NW i of SW i of NW J 

of Sec 17, r 3 N, R 4 E 


of See 13, r 3 N, R 3 E 

299 

299 


407 

407 

329 

344 


478 

513 

278 

202 


505 

545 

S£ 1 of SE ) of NIS i 

30 

NW 1 of NW } of NW i 

of See 23, T 3 N, R 3 E 


of Her 23, T 3 N, R 3 E 

578 

576 


381 

361 

705 

983 


483 

514 

751 

830 


451 

45$ 
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TABULATION OF RESISTIVITIES (Conttnued) 


JHtaHon ffUerval Apparmt ItUerval 

reMtitniy r€n$Hvtty rt$t^it»Uy rtntimiy 


31 

NW 1 of NW 1 of NE i 

39 

NE I of SE 1 of SW 1 


ofSec 32, T3N, R3E 


of Sec 

9. T 8 N, R 8 E 


353 

353 


238 

238 


463 

508 


312 

349 


460 

456 


385 

405 

32 

8W J of SW i of NW J 

40 

8W 1 of NW i of SW i 


of lj«c 14, T 3 N, R 3 K 


of Sec 

4 T3N, R3E 


509 

500 


540 

540 


530 

540 


525 

518 


472 

385 


436 

303 

33 

S£ i of N£ i of N£ \ 

41 

NE } of NW i of NE i 


oftiec a, T3N. R3£ 


of See 

8» T 3 N, R 3 E 


364 

364 


871 

871 


244 

184 


277 

230 


188 

104 


204 
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TABULATION OF RESISTIVITIES (Conltnued) 
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TABULATION OF RESISTIVITIES {Concluded) 
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INTRODUCIION 

T HL beaches to l>e described are ueither conspicuous nor extensive, 
but are interesting for the rcmarkalde circumstances of their 
preservation at Sucker Creek, and especially because they furnish 
tangible evidcnee of a lake stage which previously had been only in- 
ferred, since nearly everywhere else its shore has been destroyed 
Disco\cry of these features was incidental to a study of Algon- 
quin and later beaches of northeastern Grey County, Ontario, in 
September, 1936 Most of the elevations of such beaches hero 
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given are taken from a report * on this study^ which was aided by a 
grant from the Penrose Fund of the Geological Society of Amenea 
The measurements at Vairs Point were made m September, 1934, 
as one part of a survey financially aided by the Faculty Research 
Fund of the Umversity of Michigan 

The skeUh maps presented are merely what the term designates, 
for no real method of honzontal control was employed, and the 
courses of roads and streams on available maps are only approxi- 
mated Probably many small features are sadly distorted from their 
tnio position On the other hand, considerable care was exercised 
in the instrumental determination of elevations, which, after all, is 
the only reliable method of approach to a study of changes in level 

The writer acknowledges the fine assistance of Mr Richard Bilbie, 
of Ann Arbor, m the field work and the courtesy of Mr Walter 
Carson and Mr Robert Patterson, both of Cape Rich, m supplying 
local information and implements 

PREUMINABY DISCUSSION 
Methods of Measurement 

Spirit leveling was employed m determining the altitudes of 
nearly all the beaches as well as of other features This procedure 
involved starting from Georgian Bay as a base datum (678 2 feet 
elevation, September, 1936} and sightmg against stadia rod with 
either a pocket level or a telescopic level on tnpod The results are 
probably reliable m most cases to within 1 or H Most of the 
figures plotted on diagrams have been taken to the closest even foot 
A few aneroid observations included on the diagrams are Indicated 
as such (an ), and though checked usually to some near-by, spint- 
ieveled point, they cannot be relied on to closer than about 10 feet 

Succession of Lake Stages tn Oeorgtan Bay 

The following summary of lake history is based on the work of 
Xieverett and Taylor,* with oertain modifications * 

‘ Staalsy, Oeorge M , ** Lower Algonqum Beaches of Cape Rtoh, Georgian 
Bay/' BhA Osol 4^ Asa, 48 16854686 1987 ^ 

^ Leverett, Fn^ and Taylor^ F B , '^Tbe Pleistocene of Indiana and Michi- 
gan and the History of tha Great Lakes,” U 8 Oedt Sunt , Men 58, pp 32a-882 
1916 

s Stanley, Georgs M , ''Lower Algonquin Beaches of Penetanguisbene 
Fisninmaa,” BvA. OesL Boc Am , 47t 1938-1969. 1986 
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Algongutn 

Lake Algonquin m the earhe^t» known ancestor of the Great Lakes 
in the northern Lake Huron and Georgian Bay basins The highest 
Algonquin shore bne is so marked a feature of the landscape that the 
geologist can scarcely visit the area without becoming aware of its 
physiographic importance Generally it is conspicuous at some dis- 
tance from the present lake as a rocky cliff, or a high bluff cut into 
the surface deposits, setting off in great contrast with the lower 
lacustrine plain the glaiial features on the hills alwve the shore 
line It extends across occasional embayed lowlands as an impos- 
ing depositional bar The Algonquin beach has experienced a re- 
markable deformation From an area south of the hinge line in 
southern I^ke Huron, whore it is honxontal and only 25 feet above 
lake level, it rises northeastward until it is seve ral hundred feet above 
Georgian Bay, with a tilt of 3 or 4 feet per mile 

Several stages of Lake Algonquin are recogniaable They are 
listed here in chronological sequence 

1 Possibly an incipient stage when discharge was at Port Huron 
and the lake was limited to southern Lake Huron, since the glacier 
still occupied northern Lake Huron and Georgian Bay 1 his is a 
hypothetical stage, for which no beach has ever been reported, al- 
though certain terraces along the St Clair River may have been de- 
posited at this time 

2 The Fenelon Falls (Kirkfield) stage, when the gla< ler had re- 
treated enough to open the Trent valley and alloi^ed the lake to 
dram eastward to Lake Iroquois (Lake Ontano basin) This was a 
prolonged stage, marked by considerable erosion m the Trent valley, 
but no beach for the lake has hitherto been reported 

3 The “two-outlet*' stage> inaugurated when uptilting m the 
north had elevated the Trent valley and the surface of the lake until 
discharge began at Port Huron (and at Chuago perhaps) It was 
durmg this penod of drainage at both Port Huron and Fenelon Falls 
that “the Algonquin beach" or highest Algonquin beach was formed 
The great erosion performed hy Lake Algonqum at this tune, or 
during the nse in level which led up to it, quite generally obliterated 
the previous beaches and left the strong Algonquin shore hue, which 
m promment In the dUcusi^n that follows it is this stage or its 
beach that w referred to by the gimple term “Algonqum," «nce such 
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IS the praetife on maps and in other reports the beaches which are 
tlic principal subject of the paper are called “early Algonquin" be- 
cause they antedate “the Algonquin beach," and they ostensibly 
belong to the second stage of Lake Algonquin noted above 

4 Later stages which formed the “upjier group of Algonquin 
beaches" these are a closely spaced senes extending below the 
highest Algonquin beach (for 40 feet more or less) found generally 
m the north and obviously foimed dunng a gradual recession of 
the lake Probably continued tilting \\ as now lifting the 1 rent 
outlet above the level of the lake, which continued to dram at Port 
Huron 

Lower Algonquin 

After the lowest Inach of the upper Algonquin group had been 
formed rapid lowering sc c ms to hav o occurred Sc vc ral stages c nsuc d, 
each apparently set off from the earlier and the later ones by an abnipt 
drop in the lake Presumably new and lower outlets were liecommg 
available as the glacier meltcni away from the highlands east of 
Georgian Bay Thus followed the Wyebndge, Penetang, Cedar 
Point, Payette, and jierhaps other stages a« yet un report* d Only 
slight tilting took place dunng the four stage's enumerated, for all 
the water planes arc elejse to parallel, and nearly paraJh 1 also with the 
highest Algonquin plane The positions of those outlets have not yet 
been located 

Ntptetnng 

Ultimately the North Bay Mattawa valley carried the discharge 
of the lakes, and this was the lowest outlet to l)e opened further 
tilting elevated this outlet and caused the lake to rise until it again 
overflowed at Port Huron At this tunc the well-known Nipwsing 
'beach was formed Resulting from a ns© in water, it is similar to the 
highest Algonquin in prominencA and m the abundance of its eroded 
bluffs Karber shore bnes were similarly destroyed dunng the course 
of its formation 

The Nipissing shore hne has been tilted only gently as compared 
with the Algonquin, for it has been uplifted scarcely more than 100 
feet at the most northeasterly points While this movement was 
taking place discharge continued at Port Huron, and a group of 
post^Nipissing beaches were formed, frequently found m the north aa 
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a nutubor of closely spa((<l ndgcs lying in continuous stnts between 
the NipiKsmg beach and the present hhoie 

Highest Algorujutn Shore Line 

Among the various lake levels already enumerated the highest 
Algonquin is c spec lally rt It vaat to tlu subject in hand, and its beaches 
m the locality tit m r\ c some dest nption Furt Ju r d( tails on the lower 
1 m at lu s are given else wlu rt * 

riu hightst Algonquin shore, which is a stiongly cut tt rratt and 
bluff about Iht <ntm fieninsula between Oucii Sound ami Meaford, 
lus a unit or more inland from \ ail’s Point and Capt Rit h The tip 
of the peninsula, ftigtthtr with its general locatitm, is shown in 
^iguic I, on whu h <h( Algonquin bluff is represented by a liacliured 
lim hurt ly this must have been a forbidding coast in Algonquin 
time for the bluff is very high and for long stretdies towers fully 
200 fett ai>ov( the terrace North of Mountain Lake about a milt 
of tilt Algonquin short has Ixcn cut away by Georgian Bay to form 
‘'the Clay Banks ” a shtin cliff of extraordinary height for tlu Great 
Lakt H rt gion, snicc it stands n< arly 500 ft et above the watt r 

On the opposite sides ol tht (’lay Banks two deep valleys break 
the (ontmuitv of the fornur short cliff Across Sucker Creek valley 
stretdus a magnificent \lgoncpun shingle bar, which is rather stnk- 
ing for its bold position and ixrftttioii of contour (PI I, hig 1) 
Jt ties to tht \lgonqum bluff at tithe r end, whert it reaches an 
elevatuin of approximately 800 ft'ct and is accorapanitd by short 
spit beaches m the rear (see Fig 2) The bar dec hues to about 792 
feet near the middle, where Sue ker C reek has cleft it with a deep gorge 
(PI II, Pig 1) Arrayed along the front sIojk of the liar are a senes 
of lower beaehes, the upper Algonquin group Tht lagoon waters 
have rut into the hack of tiie bar a distinc t bench at about 775 feet 
elevation (PI 1, Ffg 1) 

Ihe valley of Mountain Lake causes a sonxwliat narrower bi*eak 
in the Algonquin shore ehff to the east of the Clay Banks Overlook- 
ing the southeast eorner of the lake is an Algonquin spit beach at an 
elevation of 801 feet, but for some reason it extends only part way 
northward across the valley A little flat terrace (804) at the north 
comer of the lake, along the road and below the stec p hill to the west, 
wezns also a part of the Algonquin shore, as does, of course, a ndge 

* Stanley, as cited In noio I 
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thfy almoMt (M(ap< r f oHjnitior) }>ut two or three an Mifheuntly 
defiiiitr to drav' itte iitioTi to tin rent I la rnost pronnra at is m the 
renter of the group with h^e ehvation \ ilius plotted on its erist 
(I'lg 2) The mxtoiu totia \s< s{ (7t)i) is also drfunte uni the most 
is very pronouiued hhingU i" to be found <hi the ndges ui 
small quantities tspetidlj luur pleiw furrows and woodeluuk liolts, 
as though brouglit up fnnu a depth of several feet I he suifaee is 
laige ly of e lay All the ndge s are nioie e)r |e sm e ur\ e d and e em\ r\ to 
the west lh(> einifonnly rtaeh a inaviniuin e le \ itiein of 764 feet, 
anei all extend neiithwaid te) the feire eelge of the Ix^neh in the buk 
hlope f>f the gre u Mgeinepun bar From the manner in which they 
meet this be nrh thej seem alnuist to pass into and beneath it and 
Ijeneath the bar itself Indeed they do, \h is she>wn ein pages 4S6 
487 If prolonged lake ward, the Comerging ridges might eeinie tei- 
gether somewhere imrtli of tiu high bluff adjennmg the nortlieast 
end of the Algonquin bai 

It IK e Icar freiin the ir foi in and mate rial that the se ridges are w iv e - 
forme el beach spits, Inult southward into Suekci C re e k ba> during in 
early stage of the lake (heir (opogiaphu position makes it eertaui 
that they wei< e xte nded in this eliieetion is doe s also the southwaid 
dee line of two of the ridges That they antedate the highest Algon- 
quin 1 m ae h i8 ee rtaui for they aie trune ate d aiiel ove Ham by it Also 
since the HO eailier iHaclaH are marl> thirty-five feet lower than the 
Algoiuiuin the lake in which they were forme el wan heie iruieh le>wcr 
than I lie two-outlet stage of Lake Aigemepun Tins is the third sit u- 
itiou m whie h the write r has fejiiud fragiue nts of an eailie r and leiwe r 
shore line preserved and protected wit Inn an tmbaynient and behind 
the bar of a higher lake ^ The oleler beaches are thus “impounded 
he ache s and exe e llent examples of the phenomenon 1 he unpounde d 
Payette beach at C'ajK Rich has been desenbicl elsewhere, hut its 
winilar situation is kIiowti in Figure 1 As this map kIiowk, it is 
uneonfonnabli with the Nipissmg laarh, )ust an the impounded 
lM>aeheh at Sucker ( rc»ek are with tlie highcnt Algonquin, and it, too, 
was Kubmerged at the later stage f)f the lake and eove-ml with clay 

The material of the impounded la aches at Sucker Creek must 
have been de rived from rock ledges m the bluffs at the side of this 
former bay, to judge from the curvature of tlie ndgen, it wmuld 

‘ Stanley an cited In notes 1 and 3 The term ‘impounded bcaeh wan 
propoged in the paper referred to m onto 1 
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ai>pt ar t<i ( orin from the eawtt riy bluff Without doubt the high 
hill (860) ^^hl( h furnish* d the mat* rial exttndod farth* r north at that 
tmu I h( \eiv thara(t(r of th( Uroiujuiu wliore hnt iinpIieH con- 
rtultrablt erosion and diff recisKion Moreo\er a little Rully in thin 
lull may l)t tiaeed north to the very b^o^\ of the Algonquin bluff 
(Imk 2), vs here tlu gullv is still six or seven feet deep It seems as 
though the hill must then have exteudeel several rods north of tht 
present bluff in ord* i to furnish sufficient diainap;e to e ut this e hannel 
1 hiiH only the distal jairtions of the beach spits remain The 
principal ind he ad ward portions of the feature s, along with tht source 
pennt of mate rial, we re long ago eonsumed by the avid rising waters 
e)f Lake Mgonquin In fact at the two-outlet stage I akt Algonepiin 
so compktily obliterated its tarhei shore line that the preservation 
of the fragments de scribed is truly remarkable, so far they are the 
only ones on reeord 


hxpofoneH tn the Gorge 

I he deep eanyoii where' Hiieker f reek |)enetratiH the Algonquin 
bar has been cut down about halfway threiugh Pleistocene deposits 
and about half through Paleozoie rocks to a total depth of about 
110 feet The precise contact at the bedrock surface ih difficult to 
spot, but seems to lie at the base (740) of the very nsistant con- 
glome ratio 1 iyer, re f erred to he re an the rubble wall ” Beneath this 
iH a thin horizon of angular limestone blocks at the top of the Paleo- 
zoic HtratH, underlain by mue h-weathered, slumping shales, whuh, 
interrupted fiy one or two harder horizons, continue to the bottom of 
the gorge (see Fig 3 and PI II, Fig 1) 

The nibble wall is a strongly cemented layer wine h extends for 
some distance up and down the valley, at an apparently uniform 
level (PI III, Fig I, PI V, Figs 1-2) A three-foot conglomerate 
mass from this layer was found lying in the gorge below, and its 
solidity and the embedded stOms broken off flush with its surface 
illustrate tlu great strength of the rubble deposit Boulders in it 
are well rounded and somewhat coarser than the overlying lake 
gravels, and when they break out their forms arc perfectly preserved 
m the abundant cement (see PI HI, Fig 2, PI V, Fig 2) The 
thkkness of the rubble wall is from 7 to 10 feet, though not exactly 
measurable, inasmuch as it grades into the shingle above In many 
places the wall has withstood disintegration better than have the 
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TABLh I 

l*IKVAT10NK or DBrOBITfl hXPOHED IN SUCEKR GoRQB ♦ 
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* The cute are about 5 or 6 feet apart on the upper part of the west gorge 
wath and range from 30 to 60 feet enuth of the creat line of the Al^quln bar 
They were excavated at different levelis, each for only a email depth Thie ex 
pUtn« why figures for a mngle contact are not given In all columns of the table 
Cut I IS the mo«t southerly, Cut VI the northernmost 

underlying Paleozoic rocks, and it has recesses and caves beneath 
it Occasionally a thin vein of cemented sand occurs at the base of 
the rubble (PI III, Fig 1) 

It seemed at first that the deposits above the rubble wall were one 
continuous pile of shmgle, for a talus of this matenal masks most of 
the steep slope However, an abundance of clay among some of the 
shingle led to another discovery Suspended by an eighty-foot line, 
Mr^ Bilbic made six excavations in the hazardous west slope of the 
gorge and revealed a layer of clay separatmg the shingle depoaite into 
two beds, one above and one below Levels were then run down the 
gorge wall to obtain the elevation of the clay The results are given 
in Figure 3 and m Table I The position of the cuts is shown m Plate 
II, Figure 1, and in Plate V, Figure 4 The material in the cuts is 
variously illustrated m Plate VI The layer of solid day is 4 feet 
thick, but clay also permeates the lower shingle and is only grad* 
ually replaced by the shingle above 

The lower shingle deposit reaches an elevation (764) (necisety 
the same as that of the summit of the impounded spit beaches to the 
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south One ne ed not hesitate to conclude that these ridges continue 
north beneath the bench and the Algonquin bar, as at first inferred, 
and that they crop out as the lower shingle deposit in the side of 
the gorge Only the upiier shingle and perhaps only the upper part 
of it, IS to be correlated with tlu highest Algonquin beach and the 
two-outlet stage of I^ake Algonquin 

I nierpretatwns 

Any geologist may go to Sucker Creek and read on the ground 
the facts which have just been presented Several matters, however, 
appear to compheate a full interpretation Two rather different 
recoDstnK tions may be visualised 

The history of Lake Algonquin as outhned on pages 479 480 < alls 
for a shore line connecting with the Trent outlet, whith was tvtry- 
where drowned or dtstroyed to the south by the two-outlet stage 
The impounded beaches would seem at onu to be a representative of 
this inferred shore line The abundance of worn shingle in the fea- 
tures would imply that this early Trent stage was a long one, per- 
haps fully as long as the stage which formed the Algonquin beach, 
and would indicate that it was probably muih greater than the 
Wyebndge, Penetang, and other lower Algonquin stagts 

It IS not difficult to picture the changes brought about at Sucker 
Creek by the climbing lake level which resulted from uplift of tb< 
Trent regnm After construction of the westernmost impounded 
beach, or perhaps a later one, the mouth of the valley may have 
been graded up to the 764-foot level and a bar thus formed completely 
across it As the lake rose, erosion and longshore currents sup^ihed 
to this bar quantities of material from the neighbonng sea cliffs, and 
the waves steadily heaped the bar to greater heights The surf now 
spent Its force on this feature, while films of clay were droppe d in the 
quiet waters behind 

Some shoreward migration of the entire bar accompanied its 
upward buddmg, and it gradually came to cover part of the clay 
which previously had been deposited in the protected waters behind 
It The sohtary shingle in Plate VI, Figure 3, waa perhaps thrown far 
back from the himts of the bar by a storm wave, or may have been 
rafted over its present position by an ice cake The dimmishmg 
mixture of clay wnth the shingle above the homogeneous clay layer 
(see PI VI, Fig 4) is a conffitioti which would naturally arise from 
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the deposition of clay o\er and among additions of whingU to the 
submerged back slope of the bar With the < ulinmation of i\u lake 
at the t\^o-outlet stage the summit of the Algonquin bar was eom- 
pleted, and contimnd uplift caused the ivaters to rotodt from this 
feature and form tin sents of loner beachfs on its foie slope 

No doubt '<om( might interpret tht short spits in back of the two 
ends of the Algonquin bar as fomud nhen the lake stood near the 
8(K)-foot lt^(l and Ix'fon tlu long bar was c\tr strftdud in front of 
them arross tlu valhy The arnassid tvidinec does not ftuor this 
vien 1 hat the shoit spits nt re de\elo{xd by suif from th« op< n lakt , 
and not by the waters of the embayment to tlu rear, is to be inh rn d 
from their course and their paiallel position with tlu gnat bar Un- 
doubtedly, at the eulmination of th( two-out It t stag* , the ends of tlu 
great bar were submerged for some time and the surf whit h o\( rrodt 
them constructed the diminutu e features lielund 

It seems curious that the impounded beaeh spits nert limit into 
or up the valley of the embaymetit whereas the highest Algonquin 
bcath, at Sucker Creek, as generally elsewhere, ioinuHi as a bar 
directly across the mouth of the bay iud shut it off from tlu icst of 
the lake Ihis contrast is probably attributable to some funda- 
mental difference in the conditions of the two lake stages compared, 
though not enough is known of the earlier stage to enable one to 
say just what the difference is Spits are built so as to hook into bays 
probably because the longshore currents (or surf gone) are unablt 
to trai erne the mouth of th« bay, and waves or currents deflect the 
drifting material inward It set ms that great width or depth of 
the bay might naturally effect construction of hooked spits near 
the entrance, but that bars might be thrown across the entrance 
when narrow or shallow The prevalence of bars enclosing deep 
emba 3 rmonts of Lakc^ Algonquin and Nipissing probably traces from 
the fact that the bars were first completed in shallow water and 
were then built to greater height as flooding proceeded 

The impounded spits at Sucker Creek suggest a dominance of 
northeast storms, but there is positive evidence that the Algonquin 
bar 18 a product of storms from both westerly and northeasterly 
quarters, since comparative elevations inchoate that material was 
drifted across the bay in both directions Theoretically, an absence 
*of westerly storms might have induced the impounded spits to take 
the course they did 
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If, in < (mtrajst to tlio gradual flooding uhi< h formt d Algonquin and 
Nipisfiing burs, a lak( abruptly raisid in le\ol, <us if bv ue ad- 
\anci obstruding tlio outkt, then river valloyb would be iinnudi- 
atfly ami do* ply drowned and storm waves (ould easily sweep into 
tlie resulting enibayments Sueh a condition might easily lead to 
the formation of hooked spits rather than ba> -mouth burs There is 
siantly siiffieunt t vide net tei enable one tei e one hide that such a 
(hangt in level oeeurrod to develop the impounded spits at Sucker 
(reek yet there arc grounelK for believing that the lake which 
formed them hael previously been lower 

There is a ecrtain umformity in level ot the leiwest shingh or 
lake deposits 740 feet at the base of the rubble wall shingle eiown 
to 741 eir lower in the giavcl pit, shingle mixed with clay at sever il 
liointH around 740 along the sides of the gully south of the pit and 
li at lung a minimum level of 737 (PI IV, Fig 1) Kxtensive shingle 
deposits at 741 feet do not neeessanly imply that the lake stood at 
eir even elose to this level when they were iloposited But to thm 
de pth at least the valley must haye been < leared of sue h e arlit r glar lal 
de poHts as probably we re left there If Sue ker (. re t k ate omphshe el 
the degridation, Georgian Bay eould have been scare ily higher m 
level and therefore an early Algonquin stage may have existed at 
alKMit tile 740 74'>-feiot 1< vcl here Pmbably at that time the stream 
followed miieh more eleiscly the west suit e)f the valley mouth than 
does the present creek The shingle mixed with mud at W m 
Iigurt 2 (see also PI IV lig 1) wuulei apjiear to result from 
oeeasional pebble's U'lng carrunl up the valley and lost among fine 
stream deposits 

Sue ker Creek is just 20 miles south of the isobase through the 
Trent outlet at I'cneion I* alls, where the Algonquin boaeh has an 
elevation of 870 feet The ave'rage slope of the ^Vlgouqum (two- 
outlet) shore hne m this distant e is 3 6 fiet per mile' An earlier 
water plane eonneetmg the outlet with the 764-foot beach at Sucker 
CVet k would have the steep slope of 5 3 f(?et jx r mile If tilting alone 
raised the water from a possible 740-foot level at Sucker Creek to 
800 feet, tins hypothetieal water plane was deformed to a slope of 
6 6 feet jxr mile , but actual knowledge of the 740 stage is wanting 

A He*< end hne might be taken to explain the change in lake level 
from the impounded Algonquin spits to the Algonquin bar An 
unconformity (730) in the former sandy lake deposits at Jackson 
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Point in the Simcoe basin has been reported by Johnston ® The 
locality happens to fall on about the same isobase as Sucker Creek, 
for the Algonquin beach at both places lies close to 795 or 800 feet, 
and this should facilitate comparison 

Johnston mterprt ts the barren sands below the unconformity as 
the product of an early stage of Lake Algonquin at least 50 feet 
below the two-outlet level at that place The sands just above 
(730"736) contain shells identical with those m the highest Algonquin 
beach deposits near by The low lake stage (740) which the wnter 
has already suggested for Sucker Creek may wdl be the same as 
that which produced the unconformity at Jackson Point It also 
seems fiossible, but less likely, that the 764-foot stage at Sucker Creek 
IS rather to be so correlated with it Johnston mentions no evidence 
of a stage near this level 

Johnston supposes, on account of the magnitude of rise at Jack- 
son Point, so close to the Trent outlet, that the flooding could not 
have been due to uplift alone, but perhaps should be attributed to 
readvance of the ice Glacial obstructmg of the outlet might sim- 
ilarly be used to explain the use to the 800-foot level at Sucker Creek, 
but it would militate against the method of Algonquin bar con- 
struction explained in the preceding pages, Taylor^s theory of u|^ift 
instigating this change seems to the writer more probable 

OTHFR PEATUBCS AKD FBOBLKliB 

Verves 

Typie^ varved clays were seen at numerous points along Sucker 
Creek They are exposed m the bank of the creek, at points Y and 
Y shown in Figure 2, at elevations of 698-702 feet, at several places 
aldng the gully south of the gravel pit and up to an elevation of 736, 
at point Wt in little gulhes in the east bank of Sucker Creek across 
from the spit beaches, at about 750, at point L m Figure 1, elevation 
739-768, and at numerous other spots along Sucker Creek In 
many places the varves aw tilted, dipping 20, 3% or even 70 
degree over a distahce several yards, the reason for which is not 
understood (PI IV, Fig 2) Possibly some of the varves or laminated 
clays were depontod in the flooded valley at the Algonquin two-ouUet 

* Johaston, W A , **The IVent Valley Outlet of Lake Algonquin and the 
Deformation of the Algonqum Waterplane in Lake Simcoe Diitri^, Ontario,^ 
(hal Surp Can , Mm BuU pp 15^17 1916 
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stage, but it seems that most, if not all of them, arc generally ref- 
erable to a much earlier period, wlieu the lot border was near No 
counts were made, but if any of the varves are indeed of Algonquin 
age, they might furnish a good opportunity to read its duration 
Ihe varves are overlam at L by creek rubble, at W by shingly clay, 
and at X and Y by other dt posits to be described 

Buned Peat Bed 

IiKised criek terraces (709) at points A and 1 reveal sections 
like that illustrated in Plate IV, Figure 2, and in higure 3 (insert) 
The former creek bed is indicated by the nibble overlying the varves, 
but this in turn is covered with a honaon of peat from which many 
sticks and logs protrude A thick layer of muddy clay surmounts 
this and furnishes the surface of the terraces The peat and the 
mud are obviously features of the post- Algonquin Sucker Crock 
The extent and the thickness of the deposits render it unhkcly that 
they have resulted from some recent landslide or winter damming 
of the gorge 1 he y may represent a limited flooding of the creek at 
the WyebnUge stage of the lake, when perhaps slight tilting raiM d the 
outlet’ farther north and caused the lake to drown Sucker Creek 
Wyebndge beaches cover an interval of 706“718 feet near Cape 
Rich * A terrace was noted by aneroid (at 709 feet) on the rontl up 
from Vail's Point and is shown on figure 1 An aneroid reading was 
also taken on a wooded bench (700" 706) just to the north of the 
lowest beach (762) noted on the west ado of Sucker CVeek, but the 
bench is not shown on the maps It sec ms likely that the buned i>eat 
and the overlying mud exposed in the Sutker Creek terraces art 
contemporaries of all these Wyebndge shore features 

MtscellaneouB Benches 

From any high point a number of bouldery, undulating, and an- 
cient-lookmg terraces at accordant levels may be seen extending for 
miles up Sucker Creek They arc represented at the spots marked 
860 an on Figure 2 They surely indicate a part played in the history 
of Sucker Creek, but probably so early as to antedate all phases so 
far discussed At 830 feet along the lower valley there are a few 
faintly suggested benches whose meaning m unknown A distinct 

’ Stanley, p 1069, M cltad in note 3, p 1684, as cited in note 1 
* Stanley, as cited In note 1 
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bench wan found also at point E on tigun 1, cUvation 846 feet, but 
no sure interpretation can be offered 

Problem between Sucker Creek and Mountain Lake 

The pnseme of an abandoned ^ alloy connectmK the basin of 
Mountain Lake with Sucker Creek \ alley offfnd prosptets of ex- 
plaining puzzling facts at both places lnv( stigation not only faihd 
to yield a dear solution but resulted in a dot pi r pu/zli wdl worth 
noting 

Mountain Laki was measured at 768 3 feit (water surfait), but 
fluctuates siasonally \t about 772 fict a ttrrace and bluff, an an- 
cient high-water mark, he back of a narrow biadi in many placis 
Ihis bluff line was found to continue westward at a uniform eleva- 
tion through the abandom d valley flu dt t p, broad valh y is swampy 
and wooded near Mountain I^ake, with a floor at 769 feet Toward 
the southwest end it is cleared, seems slightly highei (770), and is 
shallowly me wed by little tributaries to Biuker Cnek, with thiir 
bottoms at 768 0 769 4 feet near point G on I^igure 1, at 765 9 fut 
near H by the bndg< Water surface in the creek was measured at 
740 0 f<‘et at L and 753 i ui K (mam branch of Sucker Creek) 
It iH at 705 fe et by the highway bridge a mile north Mount am Lake 
would ha\ e to nse only two or three feet to dram into Sucker C’'rcek , 
such drainage has oc casionally occurred, according to the inhabitants 
The wnter noted in the woods at iHiint F (769) a wooden raft which 
was probably stranded at such a stage I he old valley w much too 
great to ha\e been made by this wayward backflowing of Mountain 
Lake It was undoubtedly c ut by Sucker Creek at some time when 
diverted from its pnwent lower valley The bottom of Mountain 
Lake slopes eastward, for it is said to be deepest at that end Ihe 
valley may have been first out in preglacial times 

The Algonquin flooding of these valleys is witnessed by numerous 
deltas at 798 802 feet (M), by benches at 796 (D) and 800 (E), and 
by the fine red clay surface of the flats (776, 776, etc ) around G, //, 
and J Ihe clay meets the slopes of the surrounding hills rather 
sharply and actually seems to " drown them It extends down the 
entire valley of Sucker Creek and is the same kind of clay whuh 
covers the spit beaches and crops out in the gorge A foot or so of it 
covers the uppermost shmgle m the gravel pit, and forms the surface 
here (758), as is indicated m Figure 3 A buff-colored stony clay 
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in the high banks overlooking point A on the (ant skU of Sinktr 
Creek h different, howevtr, and, (hough very poorly exposed, is 
apparently a till deposit 

Why benches art so dtfiniUly registered at about 775 fett m 
thf lower part of the Sucker Creek bay is not < kar This seems pc- 
nilmr in view of the gradual succession of kmer hfaihts fonmd on 
the outer slope of the Algonquin bar as (he laki withdrew and 
perhaps it is a coiiKulenoe tliat the bunh along tiu abandoned 
valley and tin high-water mark of Mountain Lakt are at pra(tually 
the same kvel Appanntly a (lost suttessor of this pondtd stage 
(775) IS a rubbk tt rra( e (770) of Sut kt r Crtek cut into tlu hight r t lay 
flat (776) at f 

It w difHdiU to undtrstand how the present drainag( (volved as 
the Algonquin water withdrew fiom thest valleys 8ince tlu Algon- 
qum bar (792) must have once extended unbreiken across Su(ker 
Oeek valley, why, as the lake withdrew, did not tlu entire creek 
drain through Mountain l<»akt to the tast? How did it come to 
disw ct the Algonquin bar and to dram noi th? C ertainly no gully 
could have worked headward on the north slope of tlie bai, and 
through it, so aa to effeet a eapUm The beach material is too 
easily dramecl 

If the east end of Mountain Lake was once closed off up to the 
792- or SOO-foot level by a bar similar to that at Suek( r Creek, there 
iH no indication of it today The beaches (797, 801, 804) found there 
make only a partial attempt at this, and there intervenes a broad 
gap of low ground 777 to 782 feet in elevation at points A and H 
(Fig 1) which has certainly not been cut away by Mountain Lake 
creek In fact, the lake at normal stage, as it was when observed by 
the wnter, seeps eastward underground for a short distance and the 
water reappears in depressions east of the lake to continue as a creek 
Mr Carson says that it never did naturally overflow here, and over- 
flows now only occasionally in high-water periods by a narrow logging 
chute which was cut through years ago Downstream the crock is 
only a tiny one, its valley scarcely comparable to that of Sucker Creek 
There w something cunous about the irregular knolls and rolling 
ground near A and B which m3nBtifled the wnter even before tho 
drainage problem had app(*arcd They have no shape such as might 
have been imparted by waves, nor do they admit of creek formation 
or seem artificial Their irregulanty actually suggests some dw- 
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turbance since the waves abandoned this level One might conceive 
of an ice jam thrustmg in here dunug the declining stage of Lake 
Algonquin and damming the east end of Mountain Lake \ alley so 
as to drive Sucker Cretk to its present course, but this seems highly 
improbable because the beach lines do not appear to have been so 
mistreated anywhere else 

Perhaps the answer to the problem is one of solution Percolating 
underground water could possibly have dissolved out limestone bods 
or lake rubble lieneath A and B and have allowed the whole surface 
in the vicinity to cave or to settle irregularly It would seem a 
phenomenal amount of solution work for so small a trickle of water 
On the other hand, apart from these considerations and to judge only 
from the strength of the Algonquin bars elsewhere, it is a matter of 
wonder if the bar at 801 feet was never completely extended across 
this narrow valley 

There remains one final nddle A narrow little trench {€-€) 
has been cut through the south end of the bar (801), with bottom 
elevation of 796 3 feet It is just about the sise that might be cut by 
an overflow from Mountain Lake How was this cut if the lake could 
freely dram east over the low ground farther north, or, barrmg this 
escape, find another lower exit over the bar (792) at Sucker Creek 
and four feet below the trench in question? 

CONCLUatONS 

1 Fragmentary spit beaches of an early Algonquin lake stage 
have been preserved at Sucker Creek They are ^^impouncMl^^ 
hmd a strong Algonquin bar which truncates and partly oovcNhl them 
They are supenor examples of the type of impounded benches^’ 
which the wnter has discovered elsewhere and previously described 

2 These early be^bes would appear to bear out the former 
existenoe of a strong shore line associated with the Trent valley out- 
let of Lake Algonquin, previous to and lower than the pnncipal 
Algonquin beach, just as was long ago inferred by Taylor and others 
They are the first recorded bits of aueh a short? Imc 

3 This earlier wat^ plane seems to have been tilted nearly 
50 per cent more than the pnncipal Algonquin plane 

4 There may posmbly have been a still lower, more steeply tilted, 
previous water plane 

5 The impounded beaches afford evidence of a nse of Lake 
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Algonquin somewhat Himilar to that found m the southcin SimctK 
Baain 

6 Ihere ih indnation of an upward fluctuation or drowning of 
the lake for the Wyebndge (lower Algonquin) stage 

7 An abandoned valley and an unsolved drainage complex 
relate Mountain Lake to the valley of Sucker C rock 

UNivimBiTv OK Michigan 
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AN OCCURRKNCE OF NONWE'ITING SAND 
AT MUSKALLONGE LAKE, LUCE 
(X)UNTY, MICHIGAN 

(.IFNN C lAl.lIE 

I 0( ATION 

M USKALLONOr lAKI' w situated m northern Lint County, 
Mil higan It ot i upies most of St i f ions 1 and 2 and parts of 
8i I tions 1 1 and 12, T 44 N , R 1 1 W , and t xtends into Section 6, 
T 49 N , R 10 W (hig 1) It w approxiinati ly two miles long and 


LAKE SUPERIOR 


WV4ITC nSM 




Fia 1 Location of MimkaDon^o Lake 

497 



498 


Glenn C Tague 

one mile wide (Fig 2) Its northern shore is^ on an average > one 
quarter of a mile from the southern shore of Lake Supenor 

PREVIOUS WORK 

Until recent years little work has been done in this area In 191 1 
Leverett ' published a map of the surfac e geology of the Upper Penin- 
sula of Mi( higan According to Westennan,* no intensive studies of 
Muskalionge Lake have evf r been made, although in 1925 Metzolaar 
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Piu Z Detailed map showing Muskalionge I^ike and vlcuuty 

^d Langlois reported depths ranging from throe to six moters He 
notes, further, that the Land Flconomie Survey records the depths 
of Muskalionge Lake as ranging between ten and twenty feet, with 
an area of 7G0 acres A study of the glacial features and glacial lake 
beaches within the area has recently been made by Bergquist,’ who 
give^ a detailed survey of the surface geology of Luce County 

^ Leyerett, Prsuk, Map of the durfaee Formations of the Northern Peninsula 
of Michigan, 19U 

* WestermoQ, F A , personal communication 

* Bergquist, B Q , '^Surface Geology of Luce County, Michigan/' Pap Afiok 
Acad Set , ArUt Ofid LeUkrc, H (1980) 437-459 1931 
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Nonwethng Sand at Muskallonge Lake 

Nipi88uig l>eaches «teparat( MuMkallongr Lakt from Lake Supenor, 
an indication that the former lake was a ia^oon <ut off from Lake 
NtpisHing Further, it is obsirved that Muskallonge Lake today 
stands at the approximate level of this old glarial lake 

LAKK SAND CHARACTEItlSTICS 

During the summer of 1935, in connection with a road materials 
survey of the Lake Su|>enor State Forest, it was noted that the sand 
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in the immediate vicinity of Muskallonge Lake exhibitid peculiar 
charaetensticB when subjected to iinnierHion in water These char- 
actenstios led to further investigations 

A St nee of levels shows a difference in elevation of 32 3 feet (Fig 3) 
between this lake and Lake Supenor Although the lakes are only 
610 feet apart at one place, and although the area between consists of 
sand and gravel, there is very httle evidence of drainage by seepage 
Muskallonge Lake has one small outlet at its west end, which is 
swampy This outlet drams into Cranberry Lake, which, m turn, 
empties into Lake Superior by means of an intermittent stream 
During the periods of observation this outlet was dry 



500 Gknn C Tague 

1 rout Creek, n Mpnng-fed '^trtani, t nttrs Muskallongt Lake from 
(he southwest It seems improbable, if thm is unrestricted sc (page 
between Muskallonge and Lake Superior, that this small inflow could 
maintain the high water level observed in the lake during the summ< r 
of 1935 and again at the elosi of the summi r of 1936 At Pnet 's 
Beach, along the i astern end of the lake, the state highway from 
Newlnrry to Diir Park, whnh at this jxnnt passes within seventy 
feet of the shore, lies two feet lx low the level of the lake 

During the spring of 1935 an attempt was made to dnvi a will to 
supply the nec ds of a new state ramp ground on the north shore of 
Muskallonge, m Seetmn 1 F 49 N , R 11 W The well was dnven 
down approximately se v enty fe e t from the shore , but the projee t was 
abandoned when water had not yet been eneountend at a depth ejf 
fifty feet l>ater, starting a few inehes above tin lake level, the 
Ground Water Survey washed m” a well thirtv feet from the shore 
It was dry to a deptli of t< n feet This well penetrated only sandy 
material, and no elay honzon tvas observed Fhew faets seem to 
indicate that the water of the lake does not readily penetrate the 
sand, and hence causes the water table to drop sharply a short 
distance away from the shore 

During logging operations in this area a large sawmill was in 
operation at Deer Park between Muskallonge Lake and Lake Supc- 
nor At that tune pine h^gs were floated across Muskallonge, many 
of whi( h went to the Ixittom as adheads ” At the close of logging 
operations it was considered worth while to attempt to recover the 
sunken logs In an effort to drain the lake a ehaniul was dredged 
northward toward Lake Superior, a few feet east of the line betwee n 
Sections 1 and 2 This project was stopped by the Government after 
the channel had been < ut to within 610 feet of Lake Superior 

Sand along the beach of Muskallonge Lake displays the marked 
charartenstic of resisting the penetration of water A handful of 
dry sand can be held under water for several seconds, when removed, 
it IS found dry on the inside, with a film of wet sand surrounding the 
dry core On the other hand, sand along the shore of Lake Superior, 
a few hundred feet distant, fills with water instantly when submerged 

On calm days patches of sand may be observed floating on the 
surface of the lake at many places along the shore Close observation 
indicates that such sand is unable to break the surface tension of the 
water 
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iMuskalloiigf Hand, wlun poured through a funru I uiuh r wattr, 
takes on a jMtulmr ropdike appearanre (PI I, Fig 1) and remains 
in this (ondition for several minutes Dry sand, when pound into 
a beaker of water, forms irregular masses (PI I, figs 2-3) of sand 
and air Wlun allowed to stand many of these masses nse to the 
surfae e and assume sphe ncal form 

A brief mieroseopie examination indie ate s little difftrenct in the 
mineral eontent and the gram size between samples of the flejating 
sand and the be^aeli sand Sueh stuely shows that the: sand is math 
up pnnnpally of well-rounded ejuartz grams, some of which eontaui 
irulusions of zireoii and nitile ntedleb Some grains were fenind to 
be coated with iron oxide Small amounts of tourmaline , atiatite , 
and altered feldspar we re also identified 

Muftkailongc linke sand was (a) heated, (6) extraeted with 
solvents, and (c) treated with inorgame acid in an effort tei remove 
its impervious eharaetcnstie The following results were eibtameel 

(«) Heating the sand tei white heat for two hours caused it tei lose 
its impe r\ lousne ss tei w ate r 

A bample was boiled in water for thiity minutes under a reduced 
prchsure of approximate ly 20 e m of mercury w it bout nedie cable e ffe e t 
on its impcrv lousne ss 

Gas was driven eiff by heating the sand in a large, hard-glass test 
tube Carbon dioxide was the only gas detected 

(6) Thorough washing of the sand with wate r faileel to change its 
partial impervioiwness to water Much eolloidal material was ob- 
tained in the wash water This failed to settle out e ompletely after a 
|)enod of erne week The ceilloiel failed tei deposit even after two 
hours m the ce ntrifuge 

A concentrated aqueems extract, maele by boding the sand with 
water, was tested for tracer of tanme acid Negative results were 
obtaine d 

A sample of the sand was boiled for one hour in tarlion tetra- 
chloride, by means of a reflux eemdenser When filtered and dned, 
the sand was found to have retaineMl its imperviousness to water 
The same proce dure was follow ed with the solvents benzene and ether, 
and like results were noted 

(c) Sand was bode d with three-molar hydreKhlonc and for thirty 
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minuteH When washed and dned, it was found to have lost part of 
its eharaotenstic impemousness to water The filtrate contained 
iron and aluminum Sand treated with hot concentrated sulphuric 
acid in the same manner shows a complete absence of the property 
and will wet instantaneously wlien immersed m water 

CONCLUSIONS 

It seems probable that Muskallonge Lake retains its relatively 
high level above Itake Superior because of the somewhat impervious 
sand that surrounds and may he beneath it» although only a short 
distance separates the two bodies of water The exart cause of this 
unusual condition of the sand has not been fully determined It has 
been established that treatment of the sand with hydrochlonc acid 
partly removes this impervious charaetenstie, and an analysis of 
the acid extract shows the presence of iron and aluminum Further, 
It has been demonstrated that heating the sand to a temperature of 
white heat or treatment with sulphuric acid will completely remove 
this impervtousness 

Further investigation ts being undertaken It is hoped that 
suggestions uill be offered by readers and that similar conditions 
observed elsewhere will be called to the attention of the author 

Flint Jonioe Couuxqs 

Flint, Micsioax 
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ant'e w os retained for several vt eeks 
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GEOLOGY IN RELATION TO PEDOLOGY 

JETHRO OTTO VhATCH 


T HL (onception of soil has been purely geoloKioal 

The “kinds” of soil which he has recognized have been dettr- 
minod upon the basis of the ongiD of the partnt mattnal, and he has 
classified soil by using surh terms as “residual,” “transported,” 
“alluvial,” “eolian,” “glacial,” “cumulow,” or simply according to 
the kind of rock or the geological formation which might hapjien to 
he beneath it However, there has been a very considerable di- 
vergence, beginning about 1880 in Russia and about 1914 ui this 
country, from this purely geologic concept, and a new science, 
pedology, has come mto being The pedologist regards soil as a 
function of (1) parent material, inorganic or organic , (2) climate, 
(3) relief and moisture conditions rdated thereto, and (4) age, or 
completeness of soil-profile development The work of the pedolo- 
gist really begins where that of the geologist leaves off 1 he pedolo- 
gist IS pnmanly concerned with what has happened to viry recent 
geologic formations after their deposition and apiiearance as new 
land surfaces, and to the residue of rock weathering, or regohth, 
after its formation on very old land surfaces He is concerned with 
the changes effected by elements of climate and by biological forces 
acting upon the inert or passive parent material In working out the 
classification, or taxonomy, he prefers to employ the intrinsic char- 
acteristics of the soil itself, rather than causative or environmental 
factors 

This brief Introduction is presented for the purpose of harmonizing 
the viewpoints of the geologist and the pedologist and making the 
position of the writer more understandable m the followmg discussion 
The geologist, if nof always contributing directly to soil science, 
jmpi^ies foundational knowledge which is necessary for a full explana- 
tion of the phenomena of the soi} profile and for the differentiation 
of land into natural divisions upon the basis of combinations of 
topographic and smi components 

003 
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pap( r iH inuiiiy toiutnutl with \lKliigan In n i<i»ng tlio 
pul)h(ations of tin nu)logi(Hl ^UI^^y of MuhiKJin it is doulitful 
\^h(th(r i Millie description of a rtod profile will be found I Iuh h 
not to l>t wondutd it simt the (onitption of tbt soil jirofilt is of 
very roeent date i\en iunon^( sen! seieutist'^ IIo\\o\er, there are 
numerous Hferenies in the publnations to the texture and the 
litholeigie e ont[>os!tie>n e)f the f^lieiiil ele pels its, and infe le ntzally the 
sen! and to elramaf^e uid topojsiajihy in relation to a(i;ri( ulture uiel 
land use S(\ei il nistanees of relatieinships between iiitne \egela 
tion and Re eiloRie fen in itiems are found anel the e lassie dtstnptiou 
of the IM at d( posits ot the state by C’ \ Davis (*‘Feat/' Oeof 
Mtrh , Avh Rppoit fof 1000, pp 3 ()t) ^dJ bf admitted as bitsie 
mforniation fe»r the e lassifte atiem of orKiinie soils Publn vtion 25 
(Oe ol Sei 21 ) eif the (.nolo^zeal Smvty Surftui (teology and !(///- 
ruUxaal of Xfichtqan^ by trank leierett has eenitnlmteel 

|M rhaps a iti** ide r amount eif geoiogual mfonnitieni be anng uiani 
sods and land-type e lassiheation than iny othe r single pubheation 
Ihe (hief interest of the jadologist Iks in tlio glaenl formations 
of the staff, since tluse (onstiiutc tin parent inatenal of imohI of 
the sod and also the Isndforms whieh must be eonsideied in making 
a lanei-tvpe nuifi rhe» pe^dologist, however, will not agree that a 
geologic niup of glae lal format lona is pei u a seal map The surfaee 
veneer wbieh has resulted from soil-fornnng proeessis eonstitutes 
the soil profKr Ihe ehanges due to weathering, whieli aie so im- 
port mt to the Indologist preibably arc more e xte nsive than geedogists 
realize Mature sod profiles are common threjughout the state, 
which implies that marked physual and ehenucal alterations have 
taken plaee in the drift de posits Ihe proe esses which make the soil 
under any particular e lunate and moisture t ondition are (1) accumu- 
lation of organic matter on the surfaee and, concomitantly, soil fauna 
and flora, ( 2 ) leaehing and downward movement of soluble mat- 
ter, formation and translexation of colloids, and (3) the aetion of 
water runoff, wind, frost root penetration, and burrowing animals 
the change's from the onginal character of the drift deposits in 
Michigan are not great when measured by the Unckness of the 
separate honzejns, or members of the sod profile, but nevertheless 
are suffieunt to effect differences in the growth of plants and the 
agrie ultural use of I ind In gone ral, leaching, the removal of carbon- 
ates, and the formation of a B Vionzon have taken plaee to depths of 
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3 to 5 feet, and tx^noath the B the parent matonal oxhibitn in ( xtrtme 
inHtanceft some aUeiation by suifieial weathering to depthh of 12 to 
15 feet The highly podsolizod horizons may \ary from clean harsh 
Hand to pulveruhnt or faintly laminated coinpatt silt I he silt of a 
Hoil profile may be mistaken foi a thin deposit of loess and tin whole 
soil profile and the weathered C horizon nnstakt n for a deposit 
belonging to a later stagr of glariation than tlu unweafhtnd till 
underlying It should lx nottd, howtMj, that not all tlu area of 
the state exhibits a (omphtc inaturt or diinax noil profile, since 
jKrhaps more than a third is occupied by geological soils or those 
which (xhilnt only incipient profile h 

Ixigic ally, according to the concepts of rock weathering and sod 
formation held by tlu geologist tlu re should be a close relatieui lu - 
tween soils and the surface formations of glacial origin The fKuloIo- 
gist will agree that s, relationship does exist, hut will argue that tlu 
relationship to glneial features, such an moraines till plains, and 
outwosh plains, is local and therefore neit predie table unless other 
factors, such as tlu lithologic eharne ter of tlu glaeial deposit the age 
of the land surface, the details of relief or tofxigraphy, the thmate, 
and the vegetal cover, are known The facts winch the geologist has 
supplied rtgarding the origin of lundforms, the age of Und surfaces, 
anel the thiekness of drift deposits ai*e, of course, basu knowledge 
wlueh tlu pedologist should have m order to account fully lor the 
phenomena of the soil pre^fik and the eliHtnbution of hw soil aiul land 
typos 

The hthologu c orniKwition of the suiface deposits in particular, 
has a very direct value in the differentiation and tlu mapping of the 
soils Some broad relationships between hoiIs and the lithologic 
character of the drift may be easily disee rned from the accompanying 
sketch map of the state (Fig 1) 

MlCHKlAN Si \TK Cejl I Y UK 
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THE DEVELOPMENT OF CRITICAL EDITING 
BY ABBE LENGLET DU FRESNOY* 

MANSON M^N^R BRILN 

4T THE moment when Gutenberg eompIeUd hi8 first Bible the 
problem of critical editing became permanently amtt Since 
that tune both editors and publishers have continually devised suit- 
able reasons to justify reissues of learned tomes A publisher, sc*ek- 
ing profit, pirated a text, had it emended, and offered a volume which 
copied all the original faults to the letter I^ater disclosures, always 
an excuse for another printing, were added to doubtful matenal until 
it required a genius to determine the original text Scholars were 
scarcely more diligent than publishers m their investigations Unless 
men of letters were independently wealthy, had powerful backing 
or presented some extremely popular book, they had to depend upon 
their publishers' gambling instincts Thus many worthy discoveries 
often either failed to reach the pubhc or were brought out in an un- 
attractive format which invited immediate neglect Consequently 
the eighteenth century possessed a welter of knowledge divided by 
tremendous gaps and largely unclassified, wherein both tnith and 
falsity were inextricably (onfounded 

There was, however, a bnghter side to this lack of system Men 
of nigged individuality, stnvmg to produce better volumes than 
those of competitors, constantly sought innovations Dunng the 

* The following abbreviations for the works and editions of lenglet du Free 
noy are used In this paper 

AttHb Let ArrMt dPamowt (Amsterdam Changuion, 1731), m-12 
Marat, OSuvret de CUmerU Marot (La Haye (josse et Neaulme, 1731), 4 voU 
in-4* 

MP$H Mithode pour itudter Tkisloife (Paris Gandouln, 1729), 4 voU in-4* 
PH HtHtoere de la phUoeaphie hermktque (Pans CousteUier, 1743), 3 vote in 12 
Hose Le Bonum de la Bote (Amsterdam Bernard, 1733), 3 vols. in 12 
Sup SuvplemetU de la mMtode pour 4tv4ier Vhtetotre (Parts RoUin fits et de 
Bure Faln3, 1789), 2 vote in-4* 

De Vueape dee romane (Amsterdam {[Rouen] Veuve PbUras, 1734), 
3 vote, in-18 
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course of ytars pr(fa(eH, nvertiHsenieni’iy notes, dot umentation, biog- 
raphies Inbliographies, arul gJoasaries came into (xisteiue ^ Henet, 
untoiist lously, scholarship and trade thvdoptd all the paraphi rnalia 
of tntical editing But thtse proetduns wcrt still sadly latkmg in 
standardization, unity, and (xaititudt Siuh bnefly, was the situ- 
ation which (onfronted Abb6 Nuolas Ltnglot du Frtsnoy when he 
seriously exanum d the problem of t ntif al editing and whu h lu^ dt - 
t( rmined to reim dy 

Abb^ Tjinglet (1674-1755) was a scholar and a historian, a jack 
of all littrary trades and masttr of most of Hum ^ H< was widely 
expeni netd m resean h work and in editonal labor, so that his attack 
was straightforward, (austn , and justifiid 

He ( nticized om i ditor for not indu at mg vanants, not < orn f ting 
expurgations, and not nctifying historual errors by nobs, also for 
not citing pnntid works and doi unit nts tmployt d for not n tording 
where manustnpt sounts might bt found, and, finally, for not in- 
serting marginal summants m a long eontimious ttxt* Ht wrote 
savagely about another s< holar The author marks no ( itatlons in 
hiH book 1 hat is not pardonable m a modi rn wnter * Again, the 
Abb^ Hionied a famed historian bi cause hi placed too miuh toiih- 
dem t m rt(( nt volumi s and did not go bat k to the soun t s ^ On the 

* To trace the ongm of these points w beyond the stcope of thin paper AH 
of them, as well on the arts of collation and of textual criticisni had been employed 
before the Ahbt) s age and are found in the works of the (jiodefro>H Duthutuie, 
SecousHc, IjH Monnoyc, I*e Uuchat Brosaette, CouHtelher, and othtrn 

* I t)r a nhort nkett h of hw life see Mannon Milner Brien ‘ l^nglet du h resno) 
a Biography, ' Fap Mtck Acad t ArlSf and Leliers 18(1932) 467-478 1933 

* jSup , 2 Regarding lacques de Thou’n Hutlortae «ut (empf>ri« 

(Ijondon, 1733), Lenglet wrote On peut dire n6anmoinH que eette Kthtiou 
auroit pA 6tpe b^ucoup plus parfaitt 1® 11 auroit fallu y mettre lee differences 
de rKditlon du premier volume de Mamert Patisson 2® diffllrencee de 
1 hxiitiun de Franefort 3 IjCs endrotis retrancher qui ne trtiuvent cn manu- 
atrita 4® Faire voir par den noten les fautos histonques (ummises par M de 
Thou 6' hxpliquer par des notes les qualitex et les families dee pemonnea dont 
parle M de Thou 6® Marquer los lidltlons des pieces dont s est servi M de 
Thou, ou quand elles sont manust rites d^igner oft elles jppuvent ftro 

7“ Diviser Touvrage par numeros et y faire la Table des matifires relative 8® 
Mettre des Sommaires fcr^fr^quens aux marges du texte, parteque M de 1 hou 
icrivant d'un lexte oontinu, < 'Moit A I’Miteur t\ marquoi la diff^rince des 
mati^res ” 

* MPBH, 4 238 

^ Sup 2 56 H^e I^nglet was aicusuig Hollin *‘De sen Mre rapport^ 
aveo trop de oonfianoe A des Auteurs modemes, quM a exactement copl^ sans 
reoourip aux sources " 



Critical Editing by Abbt^ Lcnglet 


500 


oth< r hand, h< dt( n* d rioni}ertincnt historual or philoIoRK ul not< s * 
Ho mo<k(d ps( ndo (ruditcs uhci tnadt a vulgar display of harmng 
in uinu i ( ssary Latin or (in < k < itatioiis ^ Hi lx oaim satirn al at the 
(XpMiht of puhhhiurs who imnh ulUnd a titit pag( in order to an- 
noun(( a ikw tdition, or who, Minply for piofit, lushid into print 
with u mediocre hook ^ 

Ihroiighout fifty years thes^ points forint d tlu bisis of Ahli^ 
l^tngkt s cntuisin Risking ttiisorship and unprisonint nt ht diovt 
them honit by brief mordant rt marks whith n nth n d him amitlxma 
t<i th( savants of his agt “ 

His g< mils was, howtvtr, far luon oonstruitivi than dt stnu tivt 
('oin< identally with his stathing onslaughts ht prtathtd tlu funda- 
iru ntal prtx t dure lu 1 1 ssary to prepare a worth-whiU t dition Abov t 
ail, ht rfilfrattd, a skilled man alont should undertake tlu task, for 
tlu publie was not to 1 )l dcttived by mtdiotn workmanship Re- 
garding th( fnirely mot haiut al st^ps he laid out the following pro- 
gram to show all suppn sst (1 passages, to mduatt all editions to 
elanfy essential fatts, to torrttt daitH, and to join the neetssary 
proofs ** Should th< stiuly iiivolvt the restoration of a text the Abb6 

• Usage, 2 Ht wob speaking about the 1711 edition of TtalxlHiH l>> 

I a Monnoye and lye Duchat 

* PH, \ iv-^v * Peut otre qui j auiow pu k charge i (tet ouvrago) d un 
grand nombro de t liat ionn Gm< <{ueK ct Latiuca, qui auroient pl^ aux ^ a vans 

Qu un autre plua liabiic et plus laboncux cherche done A ennuyer le Public 
par des (yompilations de Passages, pour men, je sum content d iiistiuiie, et do k 
fairt d’une mani6re claire et huc ( m< te 

• MPSH, 3 (Part 2) 62, 271 Crituizmg Louis-Hhes Dupin tlie AbW 

wrote n pr^tcndoit seulement faire uu livre eii 6 volumes qui pflt pioduire 
quelque profit au Libralre et & 1 Auteur" 1 ikewieu alx)ut the 1702 and 1707 
editioiiB of the rerum Germontejorwm he tommented Peut 6tre cm 

deux (klitions no difT(ront-ellcH que dans la dattc et la premiere page C ent 
1 usage des Llbraires d en user amsi pour montrer que leurs livres se d^bltint 
beaui'oup ” 

* Brieti Manson Milner, * Tht C ensorship of lycnglet du krosnoy s M/thode 
pour itwiter Vhtstotre, \72^/ Pap Mich Acad Hci Arts arui Lexers, 19 (1933) 
427-439 1934 Uelates the abrupt alteration whkh a few of I engkt^H remarks 
met at the hands of the censor 

« PH, 3 231, Usage, Z 276 

“ MPEH, 4 41-42 The following lines appear in a long discussion on de 
Mexeray's Ahrigi dt I htslotre dt Prance * Pour faire un bon ouvrage, d faudroit 
comparer toutes cos 6ditions, et en faire une iiuuvcUe oh Ton marqueroit lea 
endroits suppn mes dans les premieres Editions, et les endroits ajoutca dans los 
dditioiis posterieures II faui y rectifier beaucoup de faits essontieU qui sent 
d4voloppex imparfaitement, curnger quelques dattes et joindre en preiive des 
aotes et des tiires n^cejisaires pour la eonnoissance des affaires publiques " 
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made it a cardinal principle that an editor employ as a base the best 
possible maniusinpt or pnnted edition This he must supplement 
by noting all related works, marking all vanants, and adding glos- 
saries ** Then he must examine bis source matenal and chwjse his 
documents with ngorous < art Finally, ho must subject the text 
itself to a sean hing internal critique m order to answt r any unsolved 
difficulties of biography or composition 

Ixnglet not only criticized and preached, he went further and 
displayed the feasibility of his designs by their actual exec ution His 
interests led him, sinei he was more vtnturtsomc than most scholars, 
to pioneer in those Itast-known j)enod8, the later Middle Ages and 
the sixteenth century He was perhaps the only research man of 
his own age sufficiently experienced and well rounded to mvestigate 
these fields when a very fortunate and peruhar conjunction of cir- 
cumstances made it possible Ihe ‘'Quarrel of the Ancients and 
Modems*' had given hrench a pnmacy at least equal to that of 
York Hence the origins of the language lay open to examination 
This task, itself, became feasible as a result of Mabfllon's De re 
dtplonuUtcaf which had conceived nearly full-grown the sciences of 
diplomatics and paleography At the same time the ixrfectum of 
editorial forms by the book trade mvited scholarly publications 

Usage, 2 234 With regard to the forthcoming restoration of the Riytnan 
de la Hose I^englet atated '*£lle e«t faite eur les plus ancieoAea Kditions et nun 
mir oeUes de Clement Marot On y a mis un GloewUre pour rexpllcation dee 
vieux mots de noire Langue qui ee trouvent cUuui ce Homan different^ 

sont r^x>rt4ee & la fin du troUu^me volume 

Lenglet du Freetnoy, ed , Pierre de TEetoile, Journal de Henn 111 (ha Hayo 
ci Parte Veuve Qandouw, 1744), 5 vote in-S®, 1 xv '*11 nV a que eeux qui 
hvT6a k de pareite Ouvragos, qui putesent oonnottre la peine que Pon a de 
hien choLsir dans un nombre tiresque infini de Livrets, de Satyren et de FeuiUes 
volantea, qui se pubUoient dane cee tempe orageux ** See also ihid , 4 x-xl 
reooure aux Orlginaux qm se trouvent auiourd'hui pr^oieusemeni oon- 
servite dane la Bibllothdque de ea Majeetd, c^eet au Num4ro 0128 parmi lea ma- 
nozente de M de Bethime II n'y en avoit dans lea andennea Editions que 
quarante et j'en al trouv4 dix neuf de plua, ce qui fait cinquante-neuf Lettrea 
que Je pr^sente dans cette nouvelle Edition Henii ne dcNtgne jamats Tami^ 
G’eat un travalt que j'ai prte tur moi, et par lee faita ou lee droonatanoea du terns, 
mdtqu4ee dans cea litres, j'ai eu aom d'y rdtabhr Pann^e 

Ibid , ft fi03 Here ia another pointed example of Lengiet's internal oHti- 
ci8m» ‘* Frangois Villon, Tun de nos meiUeurs Pofttes Francois, naquit k Parte Tan 
1432, puteque but la fin de Pan 1461 qu’il fit son grand Teatament, il a ^ dit dans 
la trentiftme aiinfte de aon age 11 ktoit Busoni de Pons, oomme U le marque lui- 
mftme au Vera 1067 de aon grand Testament, aima par cetta auiorlU, on fait 
tomber tout oe qui ae dit au oontraire ** 
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Purthcrmoro, there \aa8 a distmct rtvival of int-eroHt in tin Middle 
AgpH and the Kixteenth century S< iwing these factors Abb6 Lenglet 
brought out a compleU \farot and an Arr^U d*amours in 1731 T wo 
years later he pirated Brossette^s Rignierf greatly improving the 
glossary and the nob s In 1735 he restored tht Roman de la Rose to 
its onginal form During 1741 and 1744 he edited the Jourtud of 
Pitrre de TLstoik, and he continued Ins labors by a new CominsH^ 
published in 1747 which he followed by a sufierb LartarUiiiH within 
the next twelve months So precisely did the Abl)^ work that these 
volumiH clearly display his entire cntical method 

For < onvemence we may summarize his procedure under six mam 
points Firsts he required the estabhshim nt of the Uxt He was 
among the earlust, if not actually the first, to make collation an in- 
variable step, and he published only when he had a manuscript or a 
perfected volume as a base hor the Roman de la Ho^e the primary 
text was the V^rard Quarto of 1500, the best of all the early print- 
ings '* He Compared this m detail with the C oslin manuscript and 
fragments from His Majesty’s Library and from “S Gtrmain des 
Prez ” The 1596 volume by Nyort hecamt the foundation for the 
Maroi Ihis Lenglet collated with manuscripts, old editions, and 
separate issues which he dug from the literary debris of the sixteenth 
century As the basis of tin Comtnes, he (hose the oft-repnnted 
book of the Godefroys, but he corrected it from the Dobr6e manu- 
aenpt of Saint Germain des Pr^ and sought other assistance from 
Sieydan and Sauvage From suth sou rets lie drew up the vanants 

The following are the full titles of ihetsc editions 
fienglet du Ireunoy, od , (Satires ei autm (ruvre» dt Hcgnirr (IxmdreH [Ainster 
dam] TonfKin, 1733), in-4” 

Jo^m(U fin Hfnn TJf see note 13 

JoumtU (k fimrt !V (Ia Haye Valllant, 1741), 4 voIm in 8 
Mcmoirei Afwwrtf Phthppe <k Cmrnnen (Ixmdrou it Pan« Itollin, 1747), 
4 void in-4‘' 

Lwni Caectltt yttTnftom LacUnniu opera mania (Pane J de Bure, 1748), 2 voU 

For the Marotf Arrit$t and Roee eee the introductory note 

^ Bourdillon, F W , The Sarly SdUtme of the Roman tie la Rose (London, 
1006), p 189 

Ro$e, 2 424, note, Claude Pierre Qouget, Bihltotk^ue francoiee (Pane 
Marietta et Ouenn, 1745), 9 58 

^ Mofott 1 XX and 114-116, Gouget, op exit IX 62 
^ Micihautt, J -B , pour eorvir d Vhietaxre de la vie el dee ouvragee de 

MoatteurVaXd>6 htmgUi dw Fretnop (Pan* et liondres, 1761), pp 184-185# Calmette 
Jdeephf ed t Mimmret de Cofmnee (Plari*r Cbamploa, 1924), p xxvl 
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which iu deemed ahsolutely iiuthsary to nuorporatt Hi cinpioyid 
m these tasks every known philologual and histonial aid to produce 
a text as arc urate as possible With a frankness uncommon m his 
agf he set forth his sounes, generally stating tluir provenatui in de- 
tail and often going so far as to eitt the library call numlx r, as ht 
made a final pha that other scholars ihiik and fontmue the labor 
Second, the annotation of the t<xt was a \ilal factor I^cngltt 
rc alized that no commentary is \aluable unless it is useful Ihen*- 
fore, all notes should be clear and sure met They should not over- 
whelm but accompany a text ^ I he stupendous \farot admirably 
illustrates the extent to which he earned these reejumments He 
cited more than fift> -three fifteenth- and sixteenth-ee ntiuy authors 
in oriier to explain minutely the histone iil; philological^ and literary 
background, as well as the progress and the adaptations of Marol’s 
thought Not OIK interpretative stone was left unturned But in 
the Roman de la Rose tht Abba's cntiipie was not so thorough His 
notes were extensive but not extensive enough He, however, was 
the first to admit this defect, acknowledging that the pressure under 
which he labored did not permit a remedy Heme he offend his 
work merely as v stimulus to others who might carry on 

Ihird, he desired that all repnnts of early writers include a glos- 
sary '^How seholars would be satisfied/’ he wrote, “if this conduct 
had always bee n iLsed in iie w editions of old authors who serve as the 
foundations of our literature and our modem language “ Tims he 
wanted each volume made suffieunt unto itself, a practice whuh 
would render unnecessary the defretive dictionaries of the period 
Fourth, the Abb^ transforme*d the preface from an obvious pro- 
spectus into a vehicle for criticism Although his own prefatory re- 
marks wen often witty and danng they were highly informative, 

Sep note Id Another example of this proctic* found in the bibliography 
of hie» //t#fcrtrc de Jeanne d'Arc (Paris ct (jrl^ann 1753-1764), 3 vols in- 12, 
2 187^18» 

« MPEiit 3 [Part 2) 89 
** PHt 1 V, 8oe also note 6 

*• MPBH^ 3 (Fart 2) 61 Concerning the Ahrtgt de /’M«(OTre uruvenelle by 
P6re Turselm, Lengtet said Get ouvr&ge ne surpasse Poriginai quo par un grand 
numbre de notes, dont il est plOtOt accabl4 qu'acH^mpagn^ ' 

** Ro9€t loc ctl , Gouget, o-p cri , 9 59 

“ ArrMat pp xxvii-xxvili Abb5 Ixinglet of nourse, did not originate this 
idea, but he was the flret who stre«sed it and acted consistently upon it '' Pen 
Userai de m5me dans nos anciens auteurs que /ai dossein de reimpnmer Par lA 
ebaque bvre se pourra suffire A lul-fn5me ” 
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for h( ( onstitutid liuiiKlf a <oinpl(t< KUidt for tlie rtttdir Ht diM- 
lUHwd thf* liveh of the authors, th< ir tasUs and tluir backgrounds, 
analyzed the text, attt rnpb d to soho all cntangloint nts, noted sources 
and prtviouH printings, and offered liis own opinions and the plan of 
his edition hvery oiu of Ltnglct's unjiortant prefaces (outaiiud 
biographical data constructed upon an internal analysis of primary 
material I he life of Marot was built up and the details proved by 
(ittttions from lus poi try 1 his also holds true fe>r tin lues of (lUil- 
laume de I orris and Jean do Meung wheiein the Abb^^ exposed the 
errors eif prevailing eoneeptions Be foie plunging into the Cowznes 
he WHS practically toreed to rewrite the history of the epoch Ills 
pre fae ( s se r\ ed too as v vehicle foi literary dise ussion i lie poetry, 
rhyme, and versiheution of both Marot and the Hoimti e/e la Ease 
unde rwt nt a e an ful se rutiny Indee d Ix ngle t trie d to m gli e t no 
factor vital to a thoiough textual e ompre he nsion Naturally, mod- 
ern re starch has from lime to tune de luoustiate d his mistakes, but 
wc must remember that he w is venturing into a little -known field 
and that internal critieism was then a prae tie ally unsiibstantute d 
proe css 

Fifth, he warned editors not to rush intei pnut simply beeause of 
a new discovery Although he wished thil all ran manuscript 
soure ( s might be fully reprodue ed he made tlie ir editing serious work 
They had to be we 11 chosen and pe rtinent to the cle tails of a ee ntral 
objeetivc He himself found ind x^'ddished nineteen letters of 
He nry IV'', and his eemime nis on tins labor show the care lav ished on 
one unimportant edition ” 

Sixth, and this sixth precept might be a gcnlsend to present-day 
impecunious scholars, he always edited for pmfit and he net gave his 
books an appeal beyond pure learning He knew that the se holarly 
public and the salon pubhe represented widely different attitudes 
and that the purehawng power lay with the latter flierefort his 
work made a definite bid for recognition among the we^althy, the 

** One may examine the editions eited in note 15 

” Si)e note 13 There were numerous^ ocoasionK when licnglet did not strictly 
maintain thin uttitude When he brought out a work for profit, he generally 
filled out the forincM by extranofius mateerial Hts defense was that these docu 
mente were rare and worthy of proHervatton At such timee he subjected them 
te> the name fslitorial ecrutlny as he gave a major text Thue hiH minor edition h 
present the paradox of a oommonptaeo book followed by a well-edited, but un 
known treatise 
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witty, and the superficially cultured Excellent craftsmonslup dis- 
tinguished every edition , the volumes were large quartos and folios, 
with the best possible type and th( finest Holland paper He had the 
pages framed in red or black borders, and he entrusted the making 
of vignettes* and oth( r ornaments only to skilled engrav ers Every 
tome, page, and line represented the hight^st efforts of mdividual 
labor and delioah aesthetic taste Lenglct's books looked impressne 
in a library ® 

But lie sought to carry superficial attrac tion lx yond apiiearanct 
Realising that the fashionable world was far mon interesttd in per- 
sonalities than m scholarship, he indulged his audience with spicy 
fomments about vanous writers and publishers Generally his re- 
marks were substantial, juHtih<d entuism, but sometimes — bh in 
tlw case of C’oustelher, good bookdealer and arthcuckold” ^ — 
they were facetious All in nil such sallies probably sold many a 
volume which otherwise would have suffered neglect The Abb4 
earned lus humor even further In including notes he would add 
a pointed gibe, witty, danng lascivious digs at mi n and umtitutions 
appeared repeatedly Ihey were not a rebuttal of scholarship but 
a shrewd lure for purchasers who asuaily avoided anything learned 
He attempted to popularize the preface in the same fashion Gone 
was a straightforward statement of facts, and in the Marot he pre- 
sented a dialogue between fnends which revealed a tremendous 
amount of pertinent information It was, indeed, a sugar-coated 
offering, similar to our modem popular biographies By such meth- 
ods he sought to bndge the enormous gap between the scholarly and 
the popular work He «u< ceeded to some extent, for his books sold 
yell, but he never reconciled these extremes, nor did he turn the 
critical edition into a best seller 

Though there is much in Abb4 Lenglet^s work which is good, 
there is also a great deal which is bad It has since been the task 
of two centuries to choose by tnal and error the essentials of a 

i 

* The AtHhodct 1729, the Marot, the JUffmor, and th« Laetantiuo are excel- 
lent exampleit of the extent to which aestbetio printing was carried in the larger 
tomes Among the octavos and the duodecimos the works of t^erre de I'Sstoile 
and the Arritii do not lag far behind The Roman de la Row was well executed^ 
but the risk attendant upon publishing surh an erudite volume did not warrant 
a very heavy investment 

* ArrHU, p XXV These words were inaerted without quotation marks into 
a hfobibliography compiled by P^e Klceron and reprinted by tlie Abb6 
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(ntnal edition His proteduros in th< (ollatiou of texts, intomal 
entioiKin, vanants, docnme^ntation, and annotation have become com- 
mon He was the first to stress the purely literary uses of pale- 
ography and diplomatics His plan of gloasants is now almost 
universal Although his handling of the preface has been greatly 
altered, its material content has nmained almost unchanged Un- 
fortunately, the profit motive and popular appeal have been dis- 
carded to HU<h an extent that truly fine ( raft&raanship m a simple 
definitive t<xt is now^ almost unknown In the ind, howeicr, tlu 
unified tei hnical framework of entieism which has made possible the 
scholarlinf SH of the volumes of leamid sodeties remains today prac- 
tically os he developed it “ 

More precisely, the extent of our debt to Nuolas I^night du 
Fresnoy stands reveah d by these vt ry editions 1 he lift and the 
\alue of a scholarly work art variable It endures until sonu thing 
new IS discovered, then it is forgotten, to be rtsurweted by anti- 
quaries Tlu Comt7ie« of 1747 is still read today, even though its 
text was dotmed only mtdioere by the cntital standards of 1924 ** 
In other words, one hundred and eighty years of progressivt textual 
tnticism ha\( not thrown the results of the Abba's travail into dis- 
card 

lo this laborious editor belongs the honor of having drawn the 
pott, Marot, from an oblivion of one hundred and thirty-eight years 
I englet was the first to study his works in detail and to rr turn to him 
his nghtful glory That edition apj)eared in 1731 , and it was not actu- 
ally superseded until 1911 ** Even after so long and so useful a life, 
It is still in demand 

At present, shortly after the two-hundndth anniversary of Ahh<^ 
Lenglet^s edition of the Roman de la Rose, it is fitting to render him 

** To ditiouAfi the soquenoe by which Lenglet’s standards became the accepted 
norm would lead tlua article far astray He did not tsinquer w ithout a battle 
Iror a dec-ade he fought the Journalvsto of Trivoux^ fending (iff at the same time 
spiteful thrusts from Abh6 Deefontaincs, J B Rousseau, and Brossette Hence 
each of the AbM's successive editions is a strong restatement of his ideals On 
the other hand, Gouget, d’Artigny, d’ Argons, Sccousse, I^luse, Miohault, and 
many others adopted his methods bodily Furthermore, Lenglet became the 
editorial adviser to KoUm, and, which was more important to the elder and 
younger de Bures Hu influence is distinctly evident in their bibliographies and 
critical editions until the p^iod of the Revolution 

** Calmette, op cii , p xxvi 

•• Oulffrey, Georges, ed , OPweres de CUmml Marot (Pan# Schemit, 19U), 
1 ix-x 
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all the hotnagt whuh is his (hu to him an intltbUd for 

aroufeing intensl in this nioduval rnasttrpicto H( awoke it from a 
slumber of t^vo Imncind years, swept away Marot’s (hanp;es estab- 
lished the text, and marked the path for its future cntual study 
Our knowledge of that poem teiday is the greatest possible tnbute^ to 
his editorial jKrspieatity and genius 

Wlicther or not one realize s it, e ve ry e ditor and htudent of an oUl 
Freneh historical ejr literary text owes profound gratitude to Ixnglet 
du Fresnoy for having brought order and honor to their pnife ssmnal 
me thods He sue e e e de d because he was industnous, accurate, and 
impartial, heeause he was smeere in his doRire to benefit the public 
As a result, he n a{Hsl neither wealth nor great fame, emly spiritual 
e onte ntment In his own words, " It j« a swee t eonsolation for a man 
to be able tei say to hmiself, ‘I can spread in the world of letters a 
good whuh is unknown and unexpected 

St I oi IB CoeiNTRV Uay Sciiooi 

St I ouiH MiHBorai 


« P// 1 2 



INVESTKUTINC; VOWEL DURATION 

IN FRENCm 


VU RUT C on ATTUI 

T O ANYONE who has some kiiowledRt of experimental phouetiis 
investigating th< durition of Rounds of speifh sfftns a very 
easy task Hounds < in hi niordrd by \anous dcMits in us( today 
and measured to liundredtlis or thousandths of a stcond As (om- 
pared with the stinly of piti h or of inti nsity or, t sjx ( lally, of quality, 
it looks simple Ytt if we ixamiru a bibliography of i \j:ienmental 
mvi stigations in phonetus wc an surprised by the relative s( areity of 
studus about quantity and also by tin little that is known about it 
Taking, for instanci , tin French vocalic sounds, wc find that thtir 
durations arc mostly qualified by the adjictivts “long” and “short” 
and that only the best authontns on Trench phonetics dan to use 
such terms as “a little longtr” and “a little shorlt r,” which arc 
likewise \ague and rdativi What is known about “absolutt quan- 
tity” of Frcmh vowels? Should one have need of measun ments 
showing in hundrtdths or thousandths of a second duration of a (cr- 
tain vowel sound uiuh r predetermined ( omlitions, such as th( iMisition 
in a rhythmical group or the influence of preceding and following 
sounds, ht would not be able to find them anywhere 

Such statistics would be of the greatest interest to the linguist 
os well as to the tcaeher and would throw ntw light on the rAle of 
vowel duration in the phoneties of the French language Having 
recently completed a study on the length of the Trench F-sounds,‘ 
which IS to be published later as part of a general investigation of 
vowel duration in French, I am going to present lure the problems 
I encountered m preparation for that work This coneerns purely 
the method of my investigation and how I was led to adopt it 
There arc two ways to proceed one is to deal with a single voeahe 
sound at a time and to study it under all possible i onditions, stressed, 

^ Phonetic nymbolB m Ihitt paper are those of the International Phonetic 
Association In addition, E means firm E, including all shades of timbre from e 
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unstressed, before each of the different (onsonants, et( , the other 
IS to study at one tune all the votahe sounds under the same condi- 
tion, for instance, to take every one of the French vowels in tonic 
position before s previous to studying them in the same position 
before 2 , d, m, r, etc I chose the first alternative mainly because it 
fumtslus more rapidly results of a general character For example, 
a tonic E before r averages nearly three times the duration of an 
atonic E before the same consonant Also, a similar proportion exists 
when a comparison is made of tonic E before r and before i But 
such grt at vanations of length are never found on comparing differ- 
ent vowels under the same conditions, and if these conditions change, 
all the vowels show the same tendency of lengthening or shortening 
In other words, the difference of duration between two vowels must 
not be ac< ounted for mainly by their difference in quality (timbre) 
Therefore, after the complete investigation of a single vowel, one 
may formulate phonetic laws which will be true for all vowels If 
one undertakes to study all the vocahe sounds at onee, no general- 
ization can be made before everything is finished, «nce the laws 
applying to one condition do not apply to another 

In selecting the first vowel to investigate I felt that the most 
instructive as regards duration was th^ open E of ckwr, sec In such 
closed syllables the tonic E has, according to eveiyone, the open 
timbre But in an open syllable, the pronunciation of tonic J?, in 
such spellings as ais, at^, d, is subject to great diversity of opinion 
While some insist on an open E and others on a close E^ M Fouch6 
explains it as being m a state of evolution caused by the law of posi- 
tion He says that the final E of atf et, H is progresfflng toward close 
E^ “It has not yet succeeded m becoming so, but it is midway in 
its course, and m order to define it m a rather precise way we shall 
say that it is a middle E, intermediary between close E and open E^ 
perhaps closer to the latter “ * 

For the pronunciation of atonic Ef also, diversity of opinion 
exists Roussclot's way of distinguishing three shades of E (open, 
close, and middle) constitutes one extreme,* whereas the other is ex- 

* Fou(ih6 P , **U£volution pbonMique du fran^alB,” Oa «n ftml Um 4tude9 de 
froTKata (ParlH, 19S5), p 47 

* Rouseelot, P J , et laclotte, F , Pr4c%» de prcnaneuUion franfotH (Paris, 
1027), p 20 *' Les voysUes ondes peuvent se ramener & sept a, e, 1, eu, % o, ou 
Chaeune de ces voyetlss posatde plusleurs nuances dont trois sent tr^ aettes 
poor a, e, «u, 0 , deux seuiement pour f, u, ou Nous avons, pour le premier 
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pressed by M Grammont, who denies the existence of a middle 
quality * 

Thus I found it necessary to include in the same study close E and 
otien Ey and I undertook to investigate the duration of all i?-sounds 
from the most open to the most close Ihcn followed the problem 
of choosing and organizing the word material to lx registered on the 
kymograph 

Vowel duration, in order to be of real int( nst to the phonetic lan 
or the teacher, must be that of actual spe ( c h 1 ht re must be nothing 
artificial about it I was determined not to depart from that pnn- 
eipk Th« ref on 1 refused to consider th< use of stnts of incaningltss 
monosyllables, such as lep, ttt, Uk, tfd, ttg, tef, tis, Uj, although 
that would have greatly simplified the task It w as certainly neces- 
sary to use words, so that I was tempted to replace each ot the mean- 
ingless monosyllables by a monosyllabic word, for instaiut cep, 
dette, sec, Thlbes, c^, baigne, nef, caisse, sdche, etc But a most seri- 
ous problem stopped me Would the \owel duration in them be the 
same when pronounced alone as when pronounced m a sentence? 
Some aspects of that problem had bee n investigated by M Gr^goirc' 
in 1899* Knowing from previous research the duration of vowel d 
m pdUi (27), pdlS (21), pdtisster (14), pdttsaene (12) when pronounced 
by themselves, he put those same words in the liody of sentences, 
dans le corps du dtscour«, such as Dans sa pdtissene, le pdtisster fait 
des pdUs, Le pdtisster fatt ses pdUs de pdte douce J'hc words ana- 
lyzed were in three groups monosyllabic, dissyllabic, and polysyl- 
labic He found that monosyllabic words lost most in vowel duration, 
dissyllables less, and polysyllables very little His findings indu ate 
that the shorter the isolated word the more its vowc 1 duration differs 
from that of the word in a sentence Ac c ording to this, thc^ isolated 
monosyllable is the worst type of material to use, and it seems safer 
to use no isolated word at all Furthermore, I noticed that the sen- 
tences of M Gr^goire quoted above made ixissiblc only a study of 
syllables tnside the sentence or the rhythmical group Fvidently that 

groupe, une voyelle ouverte, une voyelln moyenne, ct unc^ voyelle ferm^e, pour 
& HOCxiud, la voyelle ouvorte manque ** 

* Qrammont, M , TraiU prottque de pnnumcvatmm /ran awe (Parle, 1034), 
p 5 “ba prononetadon fran^ee ee dletlnguc dvs la plupart dem autree par sa 
nettet4 lee voyellee eont Wotee bien timbr^, m^me eu uyllabe inaocentuSe, el 
il n*y a pae de voyelle# moyennea ou lnd4eiee# 

* Or^ire, A , Variation# de durSe de la syllalw franvai##,** La Parole, 1, 418 
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was ^hat ho meant by dan^ le rorps du dtstours 1 borefnro hjs ttjm- 
panson of ij^olatcd words with words in tht stntpnre concerned only 
atonu and sdiiitomc syllables As for tonic syllablis, he ga\< Iuh 
rt suits in anotlKr part of the same artule, but simply by a tompan- 
Hon of isolated words of a different number of syllables, smh is 
irmU anel maltraiU Although he cone hided that the tonu syllable 
“seems to be independent of the syllables whieh preeede it/’ I eould 
iK)t use his resultK because he had not eeimpartd the iseilated word 
with the word in a sentence 

All I knew definitely won that neither in the atonic nor m the; 
semitonie syllables could 1 use iHolateel words to study vowel dura- 
tion Since tonic anti semitonie syllables entered into my investiga- 
tion, 1 decidcjd not to use any isolated words at all, but to study 
•ientenccit exelusively Later in the eourne of my researeh 1 femnd 
that I bad done the eorreet thing, for not only the atemie and (he 
semitonie, Init also the tome, syllables had longer vowels in an iso 
lated wejrd than in a sentence A comparison eif one hundred and 
eighty-eight words showed an average differtnte of from 10 to 26 per 
cent, although the imiiression of the speaker was that he hael pro- 
nounetd the isolated words exactly at the same rate as when they 
were 111 sentences 

Aneithe r imixutant reason for using sentences rather than isolated 
words became evident later when study of vowtl duration in isolated 
words showed great irregulanty as compared with the weirds m a 
sentence A goexl example is the word nezge, which, recorded four 
tmuH ui the group un oc^an de neige^ at intervals of several days, 
had tonu vowtl durations of 40, 40, 43, and 46 hundredths of a 
second, whereas the recordings of the isolated word gave 38, 47, 50, 
and 58 

iinally, is it not evident that the word can have its natural ex- 
pression tn the senienre only and that, no matter how hard one tries, 
it 18 impossible to record isolated words in senes and to give them 
their full meaning? At the same time there is danger m recording 
one word after another in senes A tortam amount of rhythm is 
bound to api>ear, with a tendeiuy to harmonise all durations to one 
another 

Now before choosing the word matenal, it was ntcessaiy to de- 
termine the mechanual influent es under which the duration eif an E 
might vary Tliey include 
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(rt) 1 lu ar(tn< I* is tonu in the la^st syllable of a rhythmical 
Rroup, St mitonu in tht labt syllahlt t)f a major word whith does not 
end a rhythmual group, atonu in all otlur cases ] \ainples of all 
three accents are shown in u sente nec like 1 ous Vavez hten at<U 

(h) Ihe ty|w of syllalile Tt may he opt n as are both syllables 
in aid^y fjr closed, as in faihle 

(r) The consonants tliat follow Flay must mdnde all single 
(onsonunts (ranse ott ) and all gniups of etaisoninth, eit wlndi 

then are three kinds groups beginning with a lupud (perte), groups 
tneiing with a htpncl (faihU) and groujis without lupiids {‘je?dc) 

{(1) The (onsonants that preeede {pdte^ sene ttt ) (Ihe results 
showed that their infitienet should not be taken into aeeount ) 

(c) Ihe \e)wels thit follow in the next syllable This influence 
is knoAMi us voeaht harmonization 

if) Fhe ()rthe)graf)hy of the F 

ig) The timbn of the h 

A total of three hundred and thirteen wdl-diosen worels were 
sufficient to include all the preceding mediaiiKal influernes 

>or a while 1 had an impression that I should hIho study the in- 
fliunec on atome F (»f the distaiue of the tome syllable eif the word 
or the rhythmical group from it Ihe fact that the work of Men- 
zerath and de Oleza, Spantftche Lauidaner * investigate s the duration 
of Spanish sounds iiuunly fiom that \i(wpomt eauseel me to eonsidcr 
the question very sonemsly I finally reje e ted it, hawing my detision 
upon the following r onsiderat ions 

bpaniwh haw a mue h more pronoum ed arrent d intennti than 
Frenc h That ae e e nt can he found on almost any syllable from the 
first to the lawt Itw place greatly influemew the surrounding syl- 
lables Spanish iw a language spoken with relaxed muse les — e om- 
Iiarablf in thin re spee t to p ngJish — w hu h means that it shows 
different degree h of weakiusw in the weak syllablew It presenUd a 
most interesting field for investigation, and poswibly the best angle 
for the wtudy of Spanish wound duration But is tfiere a similar con- 
dition in Frene h ^ French tonic accent is w eak by e ompanson with 
Spanish The weaker the tome, fhe stronger the atonic by com- 
parison The accent is always on the same syllable, the lawt Modern 


* Meaeoratb P , uad de Olesa, J M , Spantscht Laiddauer (Leipzig, 1928) 
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French is a language npokon with tense muscles, whuh meaiis that 
it does not favor grouping of syllables 

After a study of intensity and duration in the word 4pomantable 
M Grammont concludes that, although the intensity increases rap- 
idly from tlu first to the last syllable, *'the durations of the first 
three vowels are durations of bnef vowels and are more or less 
even ^ 

M Fiauhd set ms to l>e of the sam^ opinion as M Grammont 
" Then is only one tome acetnt, on tlu last syllable," he says about 
isolated words pronoumed without accent d'tneiHtance * This makts 
it clear that he does not admit the existence of any secondary accent 
I then fort accepted the pnncipk that duration of the atonu firm 
\owris of a word was not sufficiently influenced by their place in 
the word or by tluir distance from th< tonic to warrant taking that 
influi lu f into ( onsidi ration 

The nt xt problem was to decide iijxm a type of subjet t matter to 
iiwludt the words Having strongly in mind the n presentation of 
actual Hpee< h, I naturally decided to make up a text m the form of 
a story But 1 met two difficulties the large numlu^r of words to 
be put in tonic (Kwition (200 out of and the lock of logical con- 
nection between them Before 1 could have made use of all the 
words, my text would have been too long for kymograph recording 
Hence I abandoned the composition of a connected text and decided 
to includi my words in mdependent sentences of nearly the same 
length I (onstructed sentences of about ten syllables which seemed 
easy to pninounce without pause But when the subject pronounced 
them in succeiWJon before the mouthpiece, he often faded to say them 
10 a single rhythmical group, and I found that the conclusions of 
Roudet* on the average length of rhythmical groups were quite 
< orrect Seventy per cent of his sentences are from three to seven 
syllahh s long I built all my sentences those limits A to- 

tal of one hundred and mghty-eight was sufficient to include all 
the words in their proper positions, most sentencet making use of 
two words The following are typical examples *‘Voia comme il 
se d^p^he", '*Ce p^heur est k son atse", “Un Auvergnat se re- 
connait " 

^ Grammont, M , op cU ip 139 

< Fouch^, P , "lia Prononolatlon actuells du frati^ais/' eg , p 23 

* Roudet, b , ^Umenia de pK&nitiqtie gMraU (Pans 1910), p 2^ 
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Now it remained to cho08( a type of njxah for recording I 
have previously mentioned that I considered the “moehanuul” in- 
fluences on tlu vo^\eI Tiuy are the only ones that always act, 
therehm they are tin first ones to be det< rmined T he other influ- 
ences might be called *‘txpr(*sHivc,’' a« contra^ited with mechanical 
they are mnumerabh and include intonation^ emphasis, rati of 
fiixerh, which arc means of expression for s( ntinicnts, passions, emo- 
tions, (tt I had to < lumnat< tlum until the nuehanual mfluenKs 
were suffii lently known ( ouseqmntly 1 tonfineil the intonation of 
the scntencf to that of ordinary uiuneiation, avoiding at the sam<‘ 
tunc any accent dhrmsiancef and I fhosr the rate of speedi of rathtr 
careful conversation as ( oust rvativ* enough and yet n ahstu 

It 18 not within the scope of this paper to enter into a disiussion 
of the technical problems of recording the measurement of vowel 
length However, it is necessary to state that the same person was 
used m all the recordings It remains to be seen in what measure 
other peoph'^H pronunciation may differ from that e>f my sulijeet 
Out of ten senes of recordings five were definitely accepted because 
they were the only ones sufficiently similar to one another in riNiM ct 
to rate of sjiee ( h Sim e eac h influc iice w as rc prose nte d by a numbe r 
of words ranging from one to four, it had from five to twenty read- 
ings Tho separation of sounds was facilitated by the use of a new 
device of my own for rcceirduig the movements of the lower jaw It 
was among five simultaneous tracings, one recording tiie nasal sounds 
and three the oral sounds Synchronization of those lines was ob- 
tained by a mold very sumlar to the one Monze rath used m hih study 
of Spanish sounds, *** except that the material was transparent cel- 
luloid 

Finally some sentences were recorded as part of a connected text 
m order to find for what rate of speich the results of my work were 
valid and to what extent sentences, when enumiuted separately, 
corresponded to the same sentences m the < oursc of ac tua) spp<H h 

suinfAnY 

Investigation of vowel duration m French should Ix’ started with 
a t*omplete study of a single vowel, but include every timbn» of 
that vowel The vowels must be not in isolated words, but in sen- 
the most practutal type consisting of rhythmic al groups of 

I* Meaterath und de Oloa, op cat , p 32 
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from thr(< to wvtii syllables, pronouiKtd with ordinary enuium- 
tum, fnt from acceril (rtnutHtance and at the rate of rareful fonvirsa- 
tion All f xprt ssu t influem c s should bo eliminate d at the first 
Ihe principal mechanical infiinticcs on \owcl duration include the 
accent and the surrounding sounds, but not tin distance from tin 
tonic syllable 

Watnk TJnivbksity 
Ukiuoit Muhioan 



SOME NOIK^ES OF “EMPATHl ” BEFORE 

LIPPS 


ClAlUVtl IHOUPI 

I N HJh Cohndge on the Imagination^ I V Kirlmd^ qiiot<s C’oJ<- 
lulut IS s lying ‘<)ru ilong witli the liius of a riioun- 

fain \(ars ago 1 wantid to makt Wonlswortti si nsihli of this * 
Ml Ru hards itisi its aft( r this in jiariiittusis “ 1804, 1 ipps' doi tiiiu 
of ( inpatfiy ( anu in thi ( ightiCH ^ ( ohridgoS aciount of t inpatiiic 
response, in winch thi Kontnues nuntionid hy Hiiliaids an i in- 
luddid IS ninarkahly ( ompn hi nsivi It oiiurs m a disinption of 
thf Ml (litc'rrHiK an and the ifftitsof thi s< a on tht mind 

A btiHk K>ik urid the foam that p<M>pled the ahve nea, moKi inteie$tingl> 
(ombimd with the niimlKi ot white wm Kulln, that, rejieatrdly it iseenud a« if 
the foain-spit Itod takiii life and widk and flown up O that tiky, that 

Koft blue, mighty an h renting on the mountain or solid sea like plain what an 
awful omniity m luiitj ^ f know no other pirfect union of the subhnie with the 
beautiful, so that they aliould be felt that is, at the same minute though by 
differ! nt fafultiea, and yet, each faiult^ be preijjsfxwcd, by itself to rtieJve thi 
spiiiffc inodifiiationfi from thi other To the eye it ir an inverted goblet 
To the nund it ib immensity, but even the eye feels an if it were fable^ to liMjk 
through with fa] dim Hense of the non rcsistwee it is not exaitly the feeling 
given to the organ by sohd and limitiKi things, I but] the eye feels that the limita 
tion In lit Its own jiOHer, not in the object 

Here folUm the Heiitonoos quoted by Rirhards, aupplomcntid by 
further dluHtration 

Would I rtpoae, my soul lies and is quiet upon the broad level vale Would 
It act? It darts up into the mountiun top like a kite and like a chamoia-goat 
runs along a ndge — or like a boy that makes spoit - of running along a wall 
or a narrow feme! 

Coltsndgp aatiibps this effect to a gi iieral psyi hological phenom- 
enon 

One of the most noticeable and fruitful facts in i>sycho]ogy is the modifira 
tion of the same feehng by difference of form The Heaven lifts up my soul, 
the sight of the ocean seems to widen It We feel the same force at work, but 
the difference, whether In mind or body, that we should feel m actual traveling 

* New York Harcourt, Brace and Company, 1936 

626 
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hori»untaily or in direct a»C€nt, that we feel In fancy For what are our feelings 
of this kind but a motion imagined, Cl^gc^ther] with the feelings that would 
accompany that motion, [but] less distinguished more blended, more rapid 
more confused, and thereby, co»adunated * 

Although he han given no “Special nanw to the experunees dewnbetl, 
Colendge shows here how far he had advained in tht theory of 
physiof motional responw whit h later wntt rs wt re to define as 
ExnfUhhing 

Like so many other ^^new” theories, the psychological pht notm na 
accounted for by the dot trine of “empathy “ or Eti\fMung had been 
observed and recordt^d Itmg before either Coleridge or Lipps, or evtn 
IvOtze, who 18 sometimes tredited with its initial formulation, had 
noted them* i'he basu ptistulatc of the theory that the nervous 
system of the pcrcipit nt expenenees from t ertam natural or artist le 
forms actual physiological tensions, end<a\ors, and txpansions or 
their opposites, laxness and repose — is implicit in isolated passages 
m Dennis, Addison, Jolin Baillie, Hume, Gerard, Karnes, and Rey- 
nolds, and It IS suggested m the wntings of Herder and Kant It is 
of interest that most of these early recognitions of empathu response 
oc( ur m descriptions of sensations in the presence of obje( ts of gran- 
deur or sublimity They may be assonaU d with the growing concern 
of eighteenth-century cntics with the nature and causes of at sthetie 
pleasure, and, in general, appear as tentative explanations of mental 
phenomena that had previously passed unnoticed Thus John 
Dennis, in his notable letter dest nbing his sensations on crossing the 
Alps, dated 1688 and published in 1692, declares “*Tis 
impossible to set a mountain before your tye^s, that w inaccessible 
almojst to the sight, and weaneR the very eye to cliwh tt*^ ^ A few years 
later Addison, defining the emotion of sublimity, writes “Our Imagi- 

* An%ma Poefo«, ed by F H Colendge (London William Heinemann, 
1895), pp 106-102 

* Theodor Dppe' Haumof^iheitk und yeametrtRcfhopttsche Tdufchunffen, in 

which hiB Stn/ahluny theory is stated, wm published in Mutiieb In 1807, Her- 
mann Lotse’tt OeachtchU der AeMtkeixk %n OeuUchUindt cMjntaihing the baaic id€»ie 
to be found In Lippa, appeared in 1868, also in Munich H 8 T^rngfetd, The 
Aeathetic AUitwU (New York Harcourt, Brace and Gompany, 1920), line out- 
lined Lotse’e contribution to with due notice of Hmder'e faint 

anticipation of the theory 

* Pennie, John, MtaceUamee tn Pron cmd VtrH (London, 1692), p 138 
Bhafteebury'ii recognition of the pnnciple le leas definite, but it is none the lees 
suggestive of the essential experience 

“*You see then a oertidn little gate, and a way that leads to that gate that 
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nation loves to be filled with an object, or to grasp at anything that 
IS too big for Its Capacity '** The idea of physiological reaction 
suggested here becomes more explicit as lu proceeds 

The Mmd of Man naturally hatc^ everything that looks Uke a Kestramt upon 
It, and m apt to fancy itwt If under a sort of 0>nftneincnt, when the flight ia pent 
up m a narrow Compass, and shortened on ever> side by the Neighbourhood of 
Walls or Mountamh On the contrary, a spacious Honron is an Image of liberty, 
where the |* yt has room to range abroad to expatiate at large on the Immensity 
of its Vieas, and to lose itself amidst the Variety of Objects that offer theniselveH 
to its Observation ' 

The physical st use of tautm ks and restraint whe n one w in canyons 
and mountain paHses is here admirably expre aa are the release 
and the buoyancy one feels on ojien mountain heights, on a ^idt 
plain, or on the de<k of an ocean liner Obviously, it is the mmd, or 
lietter yet the whole man not the eye, lliat ex^x^ncnces a sensation 
of large and free motion, as if one were m truth ranging about in 
immense spaces 

In further exposition of sublimity Addison continually uses 
phrases tliat suggest physioemotioiial response Nothing is more 
pleasant to the l^anty/’ ho writes, “than to enlarge itself, by Degreoi, 
in its Contemplation of the various Proportions which its several 
Objects bear to each other “ Of all writers, he explains, none are 
better fitted to “gratifac and enlarge the Imagination than the 
Authors of the New Philosophy " In contemplating the infinitudes 
of the solar universe “our Imagination finds its Capacity filled with 
so unmenso a Prosfiect, and puts itself upon the Stretch to compre- 
hend it ’ 

Hut if we yet rine higher, and cx>nNider the fixt Sinm as ho many vaat Oceans 
of t1ame, that arc each of t^em attended with a difforeut Sett of Planets 
we are lost in buch a Labarioth of Suns and Worlds * 


IS not much crowded and where very few arc passing, it appears to be very 
rough and rocky, and passable with great difficulty 

* I do, ' said I 

*“Tben there appears to be a high hill, whose ascent is extremely narrow 
with deep precipives on both sides of it ' 

* I see it 

*^*This therefore,' aald he, ‘U the way that leads to true learning ^ 

‘TlVuly Tia trouble even to look at Picture of Cobes,’* (Second Char* 

aetertf 1712 (?), ed by Benjamin Rand (Cambridge Vniversity Press, 19U), 
pp 71-73 

♦ The Speetalar, No 412 

• /M,No 430 


» /bid 

• /bid , No, 412, 
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It la clear that Addison ih not at all concermd with a theon^ of (in- 
pathy^ It iH (<ju illy t loir, howt vt r that in his f ffort to dofinr tual 
effects, h( IS giving uh the thing itself without tht nainf 

John Baillie writing in 1747 on the sublniu , igain < xplanis tht 
effect of grtatncHs in ttrins suggestne of tinpithn nsponst lo 
Baillif , suhlunity is an “txaltttl ncnsation whuh aiists when ont 
IS in thf prtstMite of largt objetts that affttt him “with soint thing 
which as it wire (xtends his very Being, and expands it to a kind of 
Immensity In further explanation la assorts “ lhat Ohjei t only 
(HU be justly called mihhnie which in some degiee disposes the Mind 
to this Erdargemenl of itself, and given her a lofty eoneejition of her 
own Powers’' ['xpenenec teaches uh, continues Baillie, ‘that 
nothing piexluees this Elevation eepiul to large Prospeets, vast ex- 
tended Views, Meaintains the Heavens, ind an Immense Oeean” 
These objti is ple*ase, Baillie conchieies, beeause the ir vastness arouse s 
in the soul a “C oiiHeiousness of her own \ astne ss than whie h noth- 
ing can be more elelightful In this definition of the sublime as a 
sjieeific subje (tne lesjionse Baillie comes veiy dose indeed to a 
dost npt ion of empathy 

Quite as much to the iieiint, and with even more attention to 
psyeholeigK al exposition, Hume had written in 1737, also with sub 
hnuty in mind, that, 

' Tts evident that the me're view and contemplation of any greatness whe thf i 
ftuteejssive or extendod, enlarges the bouI and gives it a flenmblo dchglit and pleas- 
ure A wide plain, the ocean, itfirnitj, a succeaHion of ttcverol ages, all these 
are enUrtainuiR objeetj^, and excel every thing, however beautiful which ac 
companies not its beauty with a suitabie greatneas 

Hume’s general explanation of this phenornc non im that the soul takes 
pleasure in oppeisitioii 

dia a quality very obHcrvable in human nature, that any op|>o«ition which 
doea not entirely discourage and intimidate us, ha« rathe r a contrary effect and 
inspirtia uk with a more than ordinary grandeur and magnanimity In (olUa ting 
our force to overfome the opposition, we invigorate the soul, and give it an 
elevation with which otherwise it wou d never have been acquainted Compli 
ance, by rendering our strength useless, makes us insensible of it, but opposition 
awakens and employs it 

An Ssaay on the SwWims (Ijondon, 1747), pp 4*7 Professor Samuel 
Monk first called my attention to the implit ations for empathy m this passage — 
See The Suhlttne tn XVIIl Ceniury England (New York, 1935), p 73 

Hume Alexander, A TrecUtae an Human Yo/ure, ed by b A Selby Siggo 
(Oxford At the Clarendon Press, 1888), Book 11, Part 3, See 8, p 432 
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Siuh prin(ij)l< s uffn t the imagination ah well aa tin pashuniH, Hume 
got s on to say 

lo tonvtiK d of tins \%p mtj only considei the influence of hn{/hts and 
depths on that ftuully An> Kreat elevation of place communualeii a kind of 
pride or eublimU> of imagination, and gives a fancy d supencmty over IIiom 
that lit below f and ina versa, a sublime and strong imagination eonvtjH tins idea 
of oHccnt and elevation Hence it proceeds that we asfcociate in a manner the 
idea of whatever is good with that of height and evil with luwiu-ss Heaven in 
supposed to be above ami hell below A nobU gimus is culld an cUvatc and 
Rubhnu one 

Sue h im tlioclh of thinking Hume assc rts, art of dc c p importune ( , and 
ho puKttds to show tlnir fundumtntHl ulationship to common 
( X])c nc nc c 

lih evident to < ommem sense, os well as philosophy that there ts no natural 
noi es'iential difftrLino betwixt high and low, and that this diHtmctum aiises 
only fiom the giavitaticm of matter wJneh produces a motion fjom the one to 
the cUher flu very same direction wlueh in this puit of the globe is tall d 
ascinJ iH denominatcsl descoU m our antipcjdes, which can proceed fiom nothing 
but the (ontraiv leiuleney of Ixidies Now tis certain, that the temlcney eif 
bodies e erntmuaJly operating ui>on our senses, must preiduee , from custom a like 
lendeney m the fancy, and that when we consider any object situated m an 
ascent the idea of its weight gives us a proiHiisity to transport it from the 
place, in which it is situate el, to the place immediately below it, and so on, till 
we eomt to the ground, winch equal!) stops the body and our imagination I or 
a like reason we feel a difficulty m mounting and pass not without a kind of 
rcluctanee from the inferior to that which w sitiiatcd above it, as if oui ideas 
acquir’d a kind of gravity fiom their objects 

Hen an the fae ts of empathy in a nuishdl, and it appeals that 
Humo IS nm( h muH (oust lous of auuouncmg ind dt ft nding a the ory 
than was Addison or Badlu* 

Alexandei Gerard seems hktwise aware of the theoretieal impli- 
cations of what ht IS sayuig w hen he dest nbes our jisyc hophysiological 
responst s to gn at and dynamic obje its 1 he similarity of G* rani s 
ideas to Addison’s and to Hume’s is striking 

When a large object is presented, the mind expands itself to the extent of 
that object and is filled with one grand sensation which, totally {KisMoasing it, 
eompasses it into a solemn sedateness, and strikes it with deep silent wonder 
and admiration it finds such a difficulty in spreading itself to the dimensions 

>• Ibtd , pp 433 434 Hume js obviously writing m full awareness of the 
physiological n oc tion m the presen c o of elevated or extended objects w hich is 
described by Vernon m his exposition of empathy, as another of those 
various mergings of the activities of the perceiving subject with the quahties of 
the pereeivecl object’'— TA# Beaut^ul (Cambridge rniveraity Press, 1913), 
p 67 
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of itii object, as enlivens and invigoraiett its frame and having overcome the 
opposition whnh this oc(a8ions, it sometimes imagines itself present In every 
part of the scene which it contemplates, and from the sense of this immensity, 
feels a noble pride, and entertains a lofty conception of its capacity " 

Lord Karnes also deliberately adumbrates a theory, though still 
without giving it a name, in his explanation of the effects of grandeur 

A great object makes the spectator endeavour to enlarge his bulk which is 
remarkable in plain people who give way to nature without reserve, m describ- 
ing a great object, they naturally expand themselves by drawing m air with all 
their force An elevated object produces a different expression it makes the 
spectator stretth upward, and stand a tiptoe 

Similarly acute is Karnes’ observation on the cause of our response 
to th(» force of a moving body 

All we can say is, that the emotion raised by a movuig body, resembling its 
cause, is felt as if the mind were carried along the emotion raised by force ex- 
erted resembling also its cause, is felt as if force were exerteil within the mind ^ 

Sir Joshua Reynolds, whose brief excursions into the fit Id of psy- 
chological analysis are of gnat value, furnishes another eighteenth- 
century descnption of Etvfuhlung 

This appearance of ease and facility may be called the Grace or Genius of 
the mei hanical or executive part of the arti There is undoubtedly sometliing 
fascinating in seemg that done with careless ease, which others do with laborious 
difficulty the spectator unavoidably, by a kind of natural instinct, feels that 
general animation with which the hand of the Artist seems to be inspired ^ 

Whereaw the other writera I have cited refer t-o reactions to nature, 
Reynoldis ih here notmg response to art His comment may be 
compared with Langfeld’s generalization on our feeling of force and 
movement in painting 

u B$6ay on Tatio (Edinburgh, 1758), p 12 
Home, Henry (Lord Karnes), ‘ Grandeur and Sublimity,^' SlemenUo of 
CrUietsm (Edinburgh Jolm Boll and William Creech, 1788), I 211 This book 
was first published in 1761 Karnes, as well as Gerard, shows evidence of re- 
calling Addison's remarks on sublimity 

The neameM of Karnes and Gerard to the later theory can be better ap- 
preoiated by quotmg a few sentences from the exposition of Lipps “ A similar 
way of con^denng things can be noticed whenever we speak of a force' residmg 
in an object, more clearly even whenever we realise a ‘striving' or a 'tendency' 
in anything that happens, whenever we realise any 'doing' or 'being done to', 
any 'activity' or 'passivity' All such vivifying of our surrounding realities 
comes about, and can come about only as we attribute to outer things our own 
feehng of force, our own activity and passivity " — * Op cif , p 6 

M In "Annotations" to WlUtam Mason's translation of The Art cf PainHn^ 
by Charles Alphonse t>u Fresnoy (Dublin, 1788), p 88, note xlvH 
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In vio have alno Htrong nensatioutt of power or of Hwift irreaistible mo* 

t»on> according to the purponc of the artist^ and the empathic {>artLcipatiun is 
almost if not quite a« complete as it is in statuary 

ProfoKhor DoVVitt Parker has pointtd out that the general tend- 
ency of German RotnantK aesthetics to (inphasuf tht ^'expressive ’ 
in art and natur* is in harmony with the Etnfuhlung theory ** J hus 
we find not only IIi rder but Kant refernng to the exercise of energies 
of the mind in ronti mplatmg objects of aesthftic intfrest Kant, 
particularly, deserves mention here as following in a general way thi 
ideas announied by Addison, Gerard, and Karnes The mind re- 
sponds to sublimity, says Kant, bt ( ause of its natural susreptibihty 
to certain id< as a “moral feeling” whuh eauses the reason to extend 
itself “m (onfonnity with its own rtalm (the practical) and to make 
it look out into the infinite ” In astonishment treated by gieat 
objetts, he says again we fed the might of the imagination “in 
tombmmg with the mind’s repose the mental movement thereby 
fxeited”^ “Sublimity, therefore, docs not reside in anything of 
nature, but only in our mind Fverythiiig that excites this 

feelmg in us e g the might of nature which calls forth our fortes, 
is called then (although improperly) sublime”*^ Kant definitely 
ascribes the mental movement of the* sublime to the imagination,’** 

Laiigfeld, op ett > pp 147-148 

In unpublnehcel lecturer on acHthetus In hta published works I^)fcHsor 
Parker Iiaji done much to clarify and apply the empathio prmciple Explaining 
our responses to a statue of a runner reiady to start or to such a picture aa * The 
T aughing Cavalier ’ ho writes “^et in both cases 1 may feel the emotions as 
alao my own — as if I too were about to nm or were laughing And the pro- 
jection of the idea of the self w ill occur most readily if 1 am myself a runner or 
a joUy person In both mstancos, moreover, the process will be mediated by 
impulses to movements that are the normal accompaniments of the emotions in 
question If I observe myself carefully I may find that my own chest is tending 
to sw ell and my hrahs to tighten, in Jimtation of the nmner’s, or my pupils to 
dilate and the muscles of my face to wrinkle and to part m imitation of the 
Dutchman's * Professor Parker explains that the psychology of this process 
rests upon the pnoclple of association There is a ' connection between the 
eight of a movement and sensations attendant upon movement, and further, a 
connection between some of these movemeots, namely, the expressive move* 
mente, and the emotions whit h they express " — The Principles Aesthciies 
(Boston and New York Silver, Burdett and Company, 1920), pp 04-fiS 

Crtft^ue cf Judgment (1790), tr by J H Bernard (London, 1914), Part 
I, Division i, No 29 * IM 

** Ibtd , No 28 Por the Mea that stibhmity resides only in the mind see 
also (hid., Nos 28, 25, 80 

» Ifnd , Nos 24, 27 
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and he six'aks of this as an “(fTort towards ( onipn henston,’' *' as a 
^‘power/’ a “grasp an “oxtt nsion to lh( grf atiu ss of the world ’ 
a “stnving toward infinitf i)rogress ” II< writes, too, of lh( pl< is 
ure of sublimity as bung jiroduccd by a ‘ foiling of a momentary 
(hocking of Mtal powers and a eonse (pant stronger outflow of 
thom’','*” of tlu mind m th( exj^enence of sublimity as striving to 
surpass Its maximum and sinking baek mfo itself,*^ and of thf 
imagination in this cxim ne nre as finding the “transcende nt ” toward 
whuh it IS imi'Klled “like an abyss in whuli it fe'ars to lose itself “ 

It is true that Kint’s edijtotni is to de fine the feeling of the sublime 
in terms of transee nde ntal not of physiological thought, yet mmh of 
his dtseiiption of the aetual exfieneme of sublimity tends toward 
the physieal a fait that is remforttd when we remember that with 
Kant the imagination is closely related to sense is inelecd, “oui 
gre atest faculty of sense “ “ Add to this the freepient insistenee by 
Kant that we must regard th(* sublime as stnetly within ourselves 
merely as an “attitude” or “a state of mind,” as a inovenunt of 
imagination through which the forees of great eibjects and infinite 
spares an expressed and we re aelily |>ereeiv( the mate rials and imph- 
eatioiih feK the eiupathie theory of response 

The examples I have presented of early deseriptions of the 
phenomena underlying the theory eif Emfuhlung have been eneenm- 
tered in almost e asual reading 1 here are undoubtedly many more 
They 8er\e not only to corroborate the empathic doe trine, as having 
its basis m general human exjierienccs, but to illustrate the faet that 
psye hologieal “eliscoveries” are frequently only a more eonseious 
noting and dalioration of what eanful observers of mental phe- 
nomena have already ptreeived anei expressed only in different 
terms The eircumstame that the majority of the eases I have 
found are associated with attempts to explain the sensation of 
sublimity is worthy of more than passing notne It shows that the 
acceptance of sublimity as a valid aesthf tie emotion not only widened 

•• Critique of Judgtru^ fI790J, tr by J H nernard (T ondon, 1014) Pait I, 
Division 1 , No 26 » lind , No 23 

« /6k/ , No 25 " Ibid , No 26 

“ Ibid » Ibid , No 27 

Ibid Conreding some truth to Burke's theory, Kant writes *'And «>, 
as Epicurus maintained, all gratification or gnef may ultimately be corporeal, 
whether it arise^s from the representations of the Imagination or the finder 
standing, because life without a feeling of bodily organs would bo merely a 
! of existeni e ” — Ibid , No 29 
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tin lango of intrrrsts to indude thf \aHt and ujld anrl 

irwgular, but it ciilaij^od tht field of atstlutu ulation, tin 
ro(OKiiition of now pounts of imaginatut pUarturo r< quiniiK in \v 
explanations ami m w t< rrns l)y winch to dc st nbe tin ni \11 of whn h 
in turn h( longs to tht broadened stream of psyehologit al nuiiury into 
the beh i\ lor of the mind in acsthetie processes which was one of the 
distinctut marks of tht t vtilutionof Romantic elements in i ightecnth- 
eentury tntuihm In Karnes, Kt ynolds, and ( olt ndgt wc find 
appluatitiiis extending l)eyond the sphere of the sublime to includt 
sfimt of the more \aned phases of response reeognueel in later t x^m)- 
sitioris of empathy 

t MVKKslTT OF MkHICIAN 




THE NATURE OF THE INDO GERMANIC 

SIBILANT 

NORMAN 1 WITH V 

I N THK rant* of none of tlu hy{>ofhitual phoruims of Iiido-Ger- 
manu jh tliero greater disagreement among scholars than in that 
of the sibilants Brugmann is |m rhajis the least ojm n to criticism m 
hi« guarded statement “Fin tonloser ihsstn \rtikulations* 

Htello Huh nicht gtnau ffststellen lasst ” ' 

Hift lists the Idg sibilant simply as a spirant, but since he de- 
clares that Idg z 18 Ireneh z, lu no doubt means that s also is Irench 
1 < a low dental ® He admits the possibility of the < xistence of 
another s m Indo-Germanu , and quot< s in support a list of seventeen 
Greek ^^ords with initial sigma He suggests, however, that thcsi 
may be loan words or may be due to attntion of original (onsonantal 
( ombmations He also scouts the existence of p and d in Idg * 

Kieckers should represent the consensus of opinion of modirn 
times, but he cont< nts himself with the statement that Idg contained 
the spirants «, nh z, zh, />, ph, d, dh “Von diesen kommen sA, zA, 
P} PK nur m bestinunten Su llungen vor, z nur in der Umgebung 
von (meist vor) stimmhaften Verse hlusslauten “ * There is no further 
information about the articulation of these sibilants 

The most generous scholar of all is Bartholomae,* who attributes 
to Idg no fewer than ten sibilants p, 21 , «, #A, z, zA, fA, z, £h Of 
these only sax agree with Kieckers’ list of eight 

Bartholomae, however, immediately checks this exuberance of 
sibilants m his own linguistic field, since he states m the following 

^ Brugmann, K , Orundrutt der v^gUtchenden Grammed%k der tndogermam 
echen SpremKen (StraMburg, 1886), Vol I, f 664, 1 

* Hirt, H , Intiogermanuehe Oramnuuik (Heidelberg 1921), Vol I, 177 
» llnd fp 231 

* Kieeken, K « Sinfahrung tn d%e Mogermant$<^ Spr<udtwte*eMcfu^ft (Mu- 
nich, 1933), p 69 

* Bartholomae, Ch , Orundnae der trantachen Phtloiogte (Stramburg, 1904), 
Ved h 
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paragraph that, although thr prinntivt Anan liuguage made no 
(hange m tlieHe soumla, except that after ?- and W'Vowels s and z 
became the corresponding ^ and i in Indian both aspiration and 
voicing of sibilants were given up, the 5 -sounds became ctrcbral, 
f) became t, and 5 became d lor Iranian also he posits sweeping 
changes /» and 6 became 8 and z resp< ctively, tlu aspiration of sibi- 
lants was abandoned, i and f stood firmly while s and z nmained 
unthangt d only before a tenuis or n or after a i or a d (after p or h 
they became and under all other eireumstanees s became h) 

Reichelt has the onginal of Kic ckt rs’ list He remarks,* how t v 1 1 , 
that the four elements eif the /i-sems oecurreel only after guttural 
(onseinants, and are pre serve ei as r in Greek, but as s, 2, zk^ 
n spee tively, in Anan Also the « semnds becenne the e orre sponding 
palatal sibilants, 8^ sh, i, ih, in Anan aftei the vowels ? or u, i liquid, 
or a guttural 

If wt omit from coiiRieleration the development of the contro- 
versial marginal senes (/>, etc ), we find the following standard 
theories for the representation of an Iclg sibilant (or sibilants) in the 
various historical languages 

In Sanskrit the Idg sibilant URUally remained as dental s, but 
after i, w, r, k it lieeame the cerebral ^ In final position it became 
visarga Sometimes it became palatal ^ by assimilation, e g 

In Avf stan the sibilant apjx ars as S after ?- and ?e-vowc Is, p, or b 
If not so preceded it remained as 8 when it was immc diatc ly followed 
by a stop consonant or by n Otherwise it became h In Old Persian, 
however, a final s (not 4") disappeared without trace 

In Armenian the sibilant disappeared everywhere except that 
before t or x> gemination, or after an onginal nasal it remained 
as s ^ 

In Slavic 8 generally remained as «, but aftc r t, w, r, and k it be - 
c ame x iSi be c arm <4 

In Baltic 5 remained as but the combination r« iMcamc m 
Lithuanian and m became ^ in I^ttish 

‘ Heichelt, H , AveHtt$che» Slemenlarbueh (Heidelberg, 1909), p 51 

^ MeiUet, M Metres de la 80ciM4 de Unguuttque df Paru, 9(1805) 151 
“ Au commenrernent de la syllabe 8 devient h en arm^nien de niAme qu eti iranien 
idi en grec mai« apfds r on a A He quotes only one word in support of 
this garltei (cf lit ffarsMut [?3)f khar^ 
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In Alhatnan oiiginil v m rtprtsdihd by s h By and never by s 
S o( ( ur^ in tin language as a developinoid from Idg k or tt 

In (Mtic initial s bef(»r( vowds or sonantH was n tamed m Old 
liisb, but Wilsb shoAVH h h( r( It disappi artd b(f^ve<n vowtls and 
lulwttn a \o^vd and a Monant binal s aKo disapfjiand ** 

In Grttk tlu sibilant renmiiMd as sigma only when gduinaltd, 
in final juisition and before or aft* r a stoji (onson int, if this t onihi- 
nation was initial or nudial bdw<<n vowtls It disappt art d whtn 
bttwttn eonsonants or l>etwten vowtls’ It bttaine the spiiitus 
asfitrwhtn initial btlort a vowtl \ nt w Gretk sigma dtveloptd 
from initial tj— tw- , / -fa-*, and from mtdial t i t \ u ij 
hVj /s, anti by analogy 

In Latin and Unibrmn th< sibilant rt mams as s, but bttwttn 
vowt 1 m it appears as r, m Ontan it likt wise n nuuns as but bt tv\t t n 
vowf Is it ap|x*ars as s or z 

In Germanu alst» tht sibilant is rtlamttl as but liy Vtintr’s 
liw it btfomts Zy wlmh furlhti devdops in Wtst and Noith Gtr- 
mariK to r 

What sort t>f tlimg toultl tht original Idg sibil int liavt bttid 
What waH the pristine form of this phont ti< Prtitt us that ap[H ars as 
ilrnost (veiythmg m the way of a fneative from the interekntal /> to 
the vdai ar/i-Laut ind < ven a glottaO Is it possible for us to de- 
termim on some strategically located central s tint sent off eolonies 
in every diretlion like the primitive Indo-Germanie race, md if so 
can wc reach a conclusion more definite than Brugmann’s * tonloner 
s-Laut, desHcn Aitikulationsstcllc sich nicht genau feststdle n liiHst’''*^ 
Is it pOKHiblc that in the primeval tongue of our Imguistie aneestors 
there were several sibilants? 

If the first of these hypothe ses is of any value , it is e vidcntly from 
the ce ntrally located ee re bral that wi should proeceel if wc favor the 
second, we sfiould endeavor tei find eonfirmation m differing develop- 
ments of the Sibilants uiieler identical eonditions I believe that a 
certain amount of direct evidence for a cerebral sibilant is afforded 
by Greek, Ge rmanie , Sanskrit, and Slavic, and corroborative t vidence 
by other w ntten languages 

• Thuriieyson, K , Handbttch des AU Iruchen (Heidelberg, 1909), Vol I, 
|§ 215-217 

• Hirt, H , HoMhuch <kr gruMucAen 5ai4- und Fvrmenkhre (Heidelberg, 
1912), i 230 
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When Greek was reduced to written form the current Sorndu 
alphabet of the time was used to express the Greek sounds This 
alphabet is preserved to us m its most ancient form in the inscription 
of the Moabite Stone from 8W b c , that is, from a ]ienod antedating 
Homer It contains four signs for sibilants, and the phonetu value 
of these IS pretty well established I was a dental voiced «, ffl a 
dental voiceless one W is lielieved to have represented onginally 
two sibilant sounds, the palatal voiceless spirant S and another sound 
flo close as to be easily confused with it, f or ? In Hebrew this latter 
sound fell together qualitatively with the dental sibilant, samech, 
m the course of time, although it waa still written (generally) with 
sin (shin), and the nbholetk-hhhoUth of Judges xn 6 probably re- 
flects the change The sm of Hibrew is, however, represented by 
shin in Arabic and vice versa, which is clear evidc nee that these sounds 
were very dose to each other in ancient times The Greeks may very 
well have found m the language of their Phoenuian teachers the exact 
equivalent of the cerebral sigma of modem tuius, they certainly 
did find the near equivalent J 

The fourth sibilant of the Moabite Stone is the character sadhe 
(f^), it represented a voiceless cerebral (or alvcHilar) « with the 
peculiar Semitic retraction of the tongue which has given it the 
grammatical designation of empkattc 

On the ground of inscnptional alphabets, particularly that of 
Caere (Etruscan, as seen on the vase of Oalassi), it is maintained 
that all the Semitic sibilants were taken into Greek The Semitic 
letters, however, were at the same tune numtntal signs, and their 
use as such was quite as important as the phonetic one, hence the 
occurrence in the letter lists of purely mathematical sigiw with no 
re^gard to phonetic value is not surprising, indeed, this peculiarity 
IS to be found even in the late Greek alphabet, where quoppa, 
digamma, and sampi occurred as numerals only “ The me re occurs 
renee of all four Semitic signs here and there in Greek inscriptional 
alphabets does not prove that all four were over ilfeied with distinct 
phonetic values 

We may disregard the sayin (*eta), which from the earliest times 

^ O^Leary, D L £ , Comparative Qrammor of the SemUxe Lanpuagee (Tym- 
don, 1923), pp 60-fll 

“ Gothic alphabet also hu such numerioal characters without 

phonetic vahia, for example, those for 90 and 900 
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was probably vised for a consonantal combination ( 2 d, dz)^ since it 
was the only symbol available to the Greeks for a voiced sibilant 
or affneato The question of the von t less sibilant, however, is all- 
important The undisputed facts of the case are the follow ing 

(1) 3B> ^bich IS clearly the Sinntic sanudi, was never used, ex- 
cept as a numeral, until it was arbitrarily assigned the value of ks by 
a spelling reform mov c merit 

(2) M iH the (xclusivi form of the surd sibilant in the older m- 
scnptions 

(3) 5 lat( r entirely displaced M 

(4) No inst nption uses more than a single chara< ter to represent 
the surd sibilant in Greek words ** 

An to what was the origin of M scholars disagrer , some assc rting 
that it IS only an inverted Scimtit shin, others conttndmg that it is 
from Hadhe, for in the Caere vase the form occurs m the eighteenth 
place in the twentieth) It is generally believed that 5 r the 
S< mitic shin, br cause it is always found olphalietically after rho 

It 18 not necessary, however, to go into the merits ol the argu- 
ments, for it appears plainly that the Greeks had only one surd 
sibilant and that whether sad he or shin was the letter used, the sound 

There 10, of courHe di0agreemcnt among srholarR who have exprosnetl 
thexn0elveR on the Greek HibllantG) 

V Gardihau0en Only one 9 in Grwk, 51 , M (A) i ore xmed otj|> for 
oonibinatlonB of «, M occurs 00 numeral ( 18 ) in old alphabets 

Kircbhoff Greek had only out 0urd Hibilant which wa» at firwt de-Hignatcd 
by M, subsequently by ^ 

I.4M*fi6]d Greek used ^ beside one another for it had tlirce distinct 

ftibilants 5 was * rauher und diohter , M was * oinfacher und schaifer , ^ 
was ^^sanfter ” 

Lagerkrants Greek had two surd sibilants, » and which feU together 
before Homer M and $ were nowhere in use beside each other 

“ This IS the pnnelpal ground for identifying M with sadhe The inscrip- 
tion consists of a complete alphabet running about the base and a fragmentary 
Etruacwi syllabary about the belly It is a carelessly executed piece of work, 
for the syttabary has omissions and interlmear additions and a part of it is 
scratched over an underlying mistake. Significant facts are that the M and N 
have unique forms and tliat quoppa occurs in the syllabary but not m the alpha- 
bet (the character 'A stands wh^e quoppa should be) The syllabary writes 
sf so su se With the and does not use M ('A) or 5 *11 Since the form 

^ does not ooour elsewhere and stands here in the place of quoppa, it may bo 
fairly doubted that it has anything to do with sadhe at all, it may be only an 
attempt to represent quoppa, and tbe alphabet and the syllabary may come 
from different persons 
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could not have bt en a dental, oUu rwise the Sonutu sanieth u rlamly 
would have been employed It ih intt n Mting to note that the identic al 
problem arose many centuries later when Hindoos bcRan to write 
their language with Arabic letter^ the Hindustani ((rcbial could 
not be indn ated exactly by sin, shin, or sad, and this time also the 
choice f( 11 on shin 

The Greek developments tj and h to sigma also suggest a con- 
t(.mfM)rary palatal or c ere bral articulation 

Of eoiroborative value for the cerebral pronune lation of tin Ore ek 
sibilant IS the interesting passage of Herodotus (1 13Q) which dc 
e lares that all Persian proper names end m the letter wliieh Dorians 
(all san and lonians call sigma rd o6v6|iard cr^t ^oj^ra bfxoia 
rol<Ti (T(A)fxa<n Kai /i67aXo7rp€7r€t^ reXenrcocri irkvra es tcout6 
ypkfjLfxa^ rd Acopi^cs ixh akv #caX4ou<rt, 6^ aLyjuia 

Of course, final -s disappeared in f)Id Persian, but the ^ pe rsisled 
so that Herodotus is here declaring the Greek sound the eijiuv ale nt of 
a palatal an mace urae y that is easily understood if he himself re ally 
pronounced i cerebral 

It seems to me that the cerebral best fits the t pigraphic fae ts of 
ancient Grte k, and tliere is m addition the supporting evidence of the 
modern Greek pronunciation, m whiih the sigma is a cerebral 

In Latin then was evidently no distmction felt lietwecn tlio 
native sibilant and the corresponding Greek sound Ihe Latins 
adopted the Greek symbol and never attempted any diacritic al 
distinctions, although they were aware of phonetu diffeienees where 
they existed, as in p (p, a-f, w-u, t 8 , c~x 

Also a cerebral 9 has boon preserved m CaHtihan and Galitian, a 
palatal in Portuguese 

Wt find that in Germaine Wulfila adopted the Latin « for his 

This observation I owe to my esteemed colleague, Dr Hirseh Hootkms 
The tao n&ines of the Greek phoneme ore algo a matter of debate San 
IS gonorolly supposed to bo a corruption of tho Semitic shin, but sigma is pus- 
shag That it is a corruption of sameth (samchad) is very improbable, and it 
seems equally far from s^n and sadhe it is to be noteej^ however, that both 
lonians and Dorians used the character and we cannot be sure by what 
name the Phoenicians may have called their W, for the Aethiopic name is saut 
Perhaps an oiigmal sim (of Coptic eima) may have been supplied with a ter- 
minal ^ (sima), as in the case of alpha, beta, gamma, delta, etc , after which 
some analogy caused! the intrusion of the if Porliaps the extra -g- is a gbde 
sound that resulted from rapid pronunciation of pi, rho, si(g)ma, tau At any 
rate the name sigma does not afford clear proof that the phoneme was an em- 
phatic or a dental s 
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alphabet inbtcad of the Ctruk C, lait this was very probably to sc- 
nirt a char distinction from the Q and not btcausi ht notued any 
dilTe n rue in sibilants Mon over it is ve ly piohablc that the Gothic 
s and \v( n cerebral themselves indeed, that the Ge rinanu s m 
geneial was cerebral, foi Old High German long distinguished eare- 
fully its inherited Idg h (wntten with the I atm chaiaeter) from the 
de ntal sibilant re suiting from the second sound shift The Rumc 
fnthark also had a distinct sign for the r developing from if, it did 
not use the ehaiacter for Idg r to designate this new r, in cither tht 
longe r or the shortci foim, a fact whie h proves that the two must have 
been distinct m quality for centuries furthermore, in Old Norse 
the r resulting from s in ae e ordaiice with Verner^s Jaw t ause d palatal 
umlaut of a preceding vowel, an effect that could not possibly be 
brought about by i low dental position 

In addition, eertain dt velopnmnts m the later languages point to 
a cerebral quality eif the Gtiinanie h m general eg that of sk in 
f ontinental Gc rrnanie to and that of v to s in the e ombmations mt, 
sa, st, sp, rb in South German I his e hange> is reachly explained as 
an application of ease in articulation it we start from a eerebral ^ 
but not HO re adily intelligible if we posit an original dental s, Italian, 
for example, has no tendency to change' its storia to Gloria 

A bit of ( orroborativc evidence from ineient times is offered by 
Hungarian This language took its phonetic symbolb from the 
German of the thirteenth century Its sibilants arc two, the palatal 
surd and the low dental surd For the palatal the Hungarians chose 
the German symbol s, and for the dental they used sz, again a con- 
fusion of cerebral and palatal such as wo ha\c rioted before 

Lastly the modern « of all branches of Germanic is in general 
alveolar rather than dental 

In Sanskrit, of course, we have the three sibilants ^ (», and 
and this is the only language of our family m which tht natives 
have made a clear distinction of a cerebral by a separate phonetic 
character But not only does Sansknt have a separate sign for the 
cerebral 9, it has distinct characters for the entire cerebral senes 
of stops, the nasal, and the lateral According to Panini, the r and 
r also belong here, and they are pronounced as cerebrals by the 
pundits of today 

It is the usual txplanation of this unique but complete senes of 
Sansknt cerebrals that the stops and the nasal arc always the result 
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of the assiinilation of true deutaU to the cerebral sibilant, that they 
are only developments within Sansknt itself and cannot possibly be 
a survival from Idg That is not all, the very (f itself is said to be a 
development of the dental a by the rule which Whitney states as 
follows “The dental sibilant is changed to the lingual if immedi- 
ately preceded by any vowel save a and d, or by A: or r “ - unless 
the 8 be final, [or3 followed by r ” 

1 o be sure, there is a considerable number of Sanskrit words from 
the Rtgveda down that show cerebrals which are not explained by this 
rule These rtialcitrants are disposed of by Whitney (op ctl , § 4fi) 
as follows “ m any other cases of their occurrence they are 
either products of abnormal corruption, or signs of the non-Indo- 
European character of the words m which they appear “ 

In support of the “non-Indo-European character*' it is customary 
to call attention to the fact (or moot question) that Sanskrit contains 
Dravidian elements, that the Dravidas form the conquered sub- 
stratum of the Indian population, and that Dravidian languages 
have cerebrals as an essential part of their phonetic system 

A httJe examination shows, however, that Dravidian contains 
but two cerebrals an un aspirated stop, which is voiced or voiceless 
according to its position, and the nasal, which in all languages is 
prone to assume the position of the following consonant Dravidian 
possesses no sibilant of any kind except in loan words Hence the 
mischief-maker of Sanskrit, the cerebral 9 , could not have come from 
Dravidian It would seem much more probable that m Old Sanskrit 
(as in Greek) the cerebral sibilant was the original Idg sound retamod 
under certain conditions, but assimilated to a dental a when initial 
in a word, when standmg before the low vowels, and when followmg 
p or t 

Whether the Sanskrit r and r were ongmally cerebral, as Panim 
states, IS open to considerable doubt, for the pratigakyas require a 
dental pronunciation (Whitney, op ett , $ 62) Certainly these 
letters exercised no sucli cerebrahsmg effect as the^eorebral sibilant 
did Indeed, the combination of r -f sibilant always appears as 
but the combmation sibilant -h r is always sr Of this apparently 
anomalous phonetic behavior of r Whitney remarks {op , § 181) 

Whitney, W P , A iSatwiferi^ Grammar (Leipzig, 1891), 1 180 
Caldwell, H , Comparative Oramntar vf the OfOoUhan Laniiwtgee (I/mdon, 
1913), pp 181, 146 
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“Thw disaimilatjng influence of a preceding r peculiar and problem- 
atical 

If the fixed idea that tla bamc Sanskrit sibilant is a d( ntal which 
under certain oireumistancis is con\erted into a cciobral, were re- 
VC rsed — if grammarians held the theory that the original Kibilant was 
the cerebral, which under certain (iriumstanccs became a dental — 
we should have here merely anotlur east of the common Sanskrit 
law of progressive assimilation, in r? we ha\t an assimilation of r 
to the following cerebral, in the i ase of sr the cen bral is assmulatf d 
to the dental This would seem to offer a ready explanation of 
Whitney’s “peculiar and problematical dissimilating mflmrue ” 
From the point of view of linguistic mechanics also tins alleged 
change of dental s to c erebral ^ is difficult to explain Aftc r the palatal 
t the natural assimilation would be that to palatal 4, not to tht cc rc bral 
iH a more difficult combination than is, and irf is easier than 
cither Moreover, under precisely the same circumstances (after 
b we find in Avestan the palatal and in Slavic the velar 

spirant ch If there is anything about the production of w, dc ntal r, 
or k that should bring about a palatalization or a cerebral pronunci- 
ation of a following sibilant I am at present unalilc to discover it 
These sounds, liowever, are neutral and would exert no influence m 
changing an original cerebral to a dental 

Furthermore, if the sounds that supposedly c aused rerebralization 
of a dental sibilant really exerted any such influence, it should be 
seen also m its effects on the dental stops But neither Sanskrit and 
Avestan, nor Slavic nor Baltic shows any c hangc whatsoever in such 
combinations, and Sanskrit grammanans interpret every cerebral 
stop in the language aa a dental stop cerebralized 

In Slavic the Idg sibilant appears as x (oc/i-Laut) after i, u, r, r, 
and A:, j e it corresponds to the extent of the cere bral m Sanskrit 
Ah in the case of Sanskrit Praknt^Pali, this sound seems to have 
pleased the Slavs and has considerably outgrown its confines (as did 
the Oriental cerebral), but its original bounds are undisputed 

What was the quality of this Slavic The Cynllic alphabet 
indicates it by the Greek letter chi, as does the Glagohthic, but the 
Greek chi has, of course, two values, that of the palatal tcA-Laut and 
that of the velar ocA-Laiit Before a back vowel it is v elar, e g 

<> Tbia matter Is exbmuitlvely treated by Bolger Pederwn in JndogtrmanUehe 
,V(189fi) 83 fl 
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XO’pTO(pvX6.KiOU , fn foro aiiv of tho mlrn^^oU‘^ front \ou(ls it is 
palatal,! « ^ ^fXe If is qintr ixissihl! that thos( valnos ex- 

isted in St C ynl s time, and it is possihU , i:)crliiips, that hw Old Bul- 
ftaniin had tin palatal \alu( of the motamor])hos( il Id(( « although 
in th( mod! rn Sli\u duh its it sums that iMrywhoro tho volar 
sound pKVuls*^ That this Sliuir \(lar spirant should ha\o dc- 
\(Ioi>fd (liKttlvfrom an Idg d< ntal sibilant st oms phonotu ally im- 
possibl( but tho wav trorn s to i and by posterior articulation to th< 

( orrt sponding x bo paralhhd c g our m\(rttd (orobral r of 
I nglish bo(om<s by post! nor artnulation the dialectic ic, robber- 
tvobbdh 8m h a proof dure, ho\\f\(r, (ould hardly take platt with 
tho dent il r of thf Romancf languagf s \ still (loser paralk 1 of tho 
positfd SlaMc proof dun is that of Old Spanish ^ ((fuc) to tho mod- 
ern Spanish X C astihan dtje 

Ihf nsifluf of th( Idg sibilant m Slavic was then in (oniuftifin 
with low \ow(ls and with (onsonant« that favored a dentil ratlur 
than a fcrebral pronuru lation Tht cxffption is tiu original f ombi- 
nation si whif h lx f ami a palatal an it frequently fkx s ( Isf wht r( 

In 81 iMf as in Sansknt, it seems to me that the sibilant must 
have bef n artuulatfd at a point differt nt fiom that of the dental 
stops, Him f a pn ( f fling t w, r, r or k did not affect the stops, although 
they an partuularly liabh tf) (hange from palatalization 

In Armenian tin Idg sibilant faretl badly yince it disappeand 
almost (Vfrywhfn without leaving a trace in the niodtrn language 
Howevfi, the « that was retained waa indicated by St Menrob 
(Mastof) and his Gnek coadjutor by the turrent Gnek sigma of 
their time, in spiU of the fai t that they drew on the Syrian and ev( n 
on the Coptic alphal)et to supplfincnt the Gre< k and invented new 
f haratters wlien the throf systems of writing wen unable to supply 
a symbol The Armenian alphabet is also no rough aiiproxirnation, 
but a painstaking attempt to represent (\ery sound m thf language 
It f ontainw separate symbols not only for «, 2 , « and f, but also for I Ik 
uffrieates fs, Uh, dz, tih, and 

Broch, Olaf, Slavtsche PkoneUk (Tleidelherg, 1911), § 22 * Der (dem j) 

entHpreohencie titimmlose Spiranff, dan c l«t mir aU nolhMUlndigts Lau tele men t, 
aln ‘ Stellungslaut,' bei den Slaven ntcld hegegnet, erw hemt jedoch oft ala Oleit 
taut na( h der 1 xplotuoii t mea vorderpulatalen Verschlunslautes * 

*** Pederwn, op at , p 74 “Das aus Dental vor Denial enlstaiidene s ist 
memaln zii ck gewordan Das slavisrhe ch ist m Ansirht nath aus $ ent- 

standen, loh ennnero an dio bekannte parallele aus dem Spanlschen “ 
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C 01 roborat IV t tM(lonf( of tiu icrtbiul i|uahty of tlu Tdg sibilint 
is offered by Avtstan in tbit the sound lias fnipunth bMonif i 
palatal bibiKnt without disrovcrablt palatahnng infliKUKs In 
Albanian it is ficqiu ntiy rt fin s( iit< tl !>y « nt \ t r bv s 

h \ id( ntly ( ( Itn r an ta oJ no assist iiu e to iis in d( t( rnnniTiK th( 
value of the Id^ sibilant-' buauw it shows but a shikU s and that 
is subjiit only to th( ( hangi taiisidbv tin f iltn aspuation {I enu~ 
rung) 

rix situation in Hitliti dso semis to indwati a (inbral us tin 
only sibilant Sturti vant stati s ‘ 1 hi Hittitt s\stmi [of phon* tu 
wntin^J must bt Irat ed to that of tarly Babylonia lh( 

Akkadian t< xts disioviud it Boj^h i/Koi and Akkadian woids and 
phrasfs m thr Hittiti texts tlumsehes follow the (arl> Babylonian 
system m general dlhoufi^h then are many simplifications and other 
elifferenees in eletail ’ In § (lO he eontinues ‘ Of the four Akkadian 
Sibilants, b, S S, Z, Hittite e rufileiys the sif^^ns for the last two emly, of 
vvhieh h rtpresents the sound that eltvt loped out of Ih s [I^iom 
referenee to § 142 it apfiears that IL le Indo 1 ureipeun, shoulel l>e 
IH, le Indo-Hittite , Pn -Indei-Gcrmanu 1 We may be sure that 
the Hittitcs would not have cheist n Akkadian h instead eif S if the 
latUr had resembleei their sibilant mein elosely than the former, 
either Akkadian S waa closer to the Hittite siliilant oi both S and S 
wore ecjually close There ih evidence tint in e lassie al Assyrian and 
indeed in Western Akkadian ge ne rally S hael be eome S, although the 
two were generally kept ehstmcl m traditmnul orthography I here 
IS then a probability that tlie Hittite s learned < unciform writing from 
sfieakers of Akkadian who pionounced both S and S as [h] llu 
transliteration of Hittite names with Egyptian s instead of ^ 
se e ms to settle the matter 

** Perhaps the strongest evidenee m favor of jironouncmg the 
Hittite sibilant as [S3 h the consistent writing of Ilittito names ui 
Akkadian documents with S rather than with S and y* t even this 
may be only a result of the Hittite orthogr ifihy itself If the southc rn 
Akkadians learned the names Muisihs, hupilulyumas ^uid the rest 
through diploinatie eorrespondeiue, they would naturally retain 

** Holger PederMcn attempts to prove that Albanian /i, 6 and (f, are all de- 
volufimentH of h (/citeejAn/f /wr vtrgUxt^u^nd*' *S/:>roc/i/or«ckunff, 36(1900) 278 ff ) 
•• Sturtevant I H , Cmnparat/ioe Orammar of (kc Htudt Langungf (Phila , 
1933). 5 18 
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whatever spehmgw appean d m the letters The two sibilants 

are generally kept distuut in Akkadian texts from Boghazkoi, but 
that may be due entirely to tradition ’ 

In connection with these statements it is p« rtinent to quote 
Delitwh ^ “Im Babylonihchi n hat < so gut wie nicmals 
aufgehort, seine alteste, urspihnglnhf Ausspiache zu bewahren 

“ Dagegt n hat mi Assynst hen das s seme Aussprathe als Bch mchr 
und mohr aufgegelien und sich allmahlich ganz rnit ^ vereintrleit " 
We apparently have the same situation here as in Greek, an Indo- 
Germanic -Hittite cerebral which tlu natives attempted to express 
with Semitic phonetic symbols The cerebral was not precisely any 
one of the Semitic phonemes, but it sounded to its users most like 
shin , hence the Greek sigma from Phoenician shin, and the Hittiti 
■^-signs from th( Babylonian syllabary Ihc Semites, attempting to 
represent the foreign sound, had the same difficulty, it was neither 
sin nor shin The Akkadians settled the matter by choosing just 
as the Arabs centuries later employed shin to transliterate Hindustani 
cerebral but the Egyptians chose «, as the Aramaeans later used 
samech to transliterate Greek sigma 

The fact that the Hittite system of wnting '*must be traced to 
that of early Babylonia/’ where the distinction of ^ and a was always 
main tamed, shows that the Hittites made a deliberate choice between 
sounds, not between two indiflferent symbols for the same sound 
I^et us now consider the probability that Idg may have had 
several sibilants If such had been the case wc should expect to find 
by comparison of the Idg languages that the sibilant behaved 
differently under the same circumstances, for example, that an 
original Idg would appear in Greek m a form different from a 
*90 or a *^o, and that an original *-M would have developed m 
Slavic otherwise than a However, notbmg of the sort occurs, 
all sibilants develop alike m a given language under the same cir- 
cumstances, HO far as it is possible to control them 

Also if there had been a palatal i m Idg it «4iould have fallen 
together in the satera languages with the resultants from the palatal 
stops This IS not the case, for the sibilant developed from the 
palatals never falls together with the descendants of Idg « in Sansknt, 
Avestan, Albanian, Baltic, or Armenian In Slavic, to be sure, 
both are now usually s, but that there was originally a distinction 
PeUtsflh F Grammattk (Berlin, 1906), (63 
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IS shown by the fact that th( resultant from the palatal never shows 
the change to x 

But this involves tiu duty of investigating the st( ps by which a 
single onginal sibilant might have developed to the various phonemes 
that we have observed 

The change of s to with eventual reduction of a to zero, is a 
very common mu , Sanskrit 4vestan, Armenian, Greek, Albanian, 
Welsh, and (by aspiration) Irish show it us a regular occurrence It 
18 charactenstie also of the Andalusian dialect, as m do aoldado or 
doh aoldadoh (Castilian dos aoldados) , and it accounts for the form of 
French words such as itroii, ^tat, iU 

But not only a becomes the glottal spiiant by a weakening of the 
artu Illation, / also shows the same development m Spanish (ef 
facere- hacer^ faba-haba), and in Armenian and in Old Irish the Idg 
p has gone the same way by the mtermt diate step of / Also the x 
of primitive Germanic has usually bceomi h or has disappeared when 
it was not in a consonantal group (Mc^w, B^Ka, iathun, ten) Not* 
also the Sanskrit visarga for both final r and final «, and the fact that 
the onginal feraimue 3rd s verbal ending -t (Arabic gatalat) has be- 
come in Hebrew H through the intermediate step of T\ It sc* ms that 
any surd spirant whatsoever becomes the glottal spirant if for physical 
reasons or from the force of fashion its articulation is relaxed or pre- 
vented Thus a smoker with his pipe in his mouth cannot pronounce 
the interdental and says “7/anA: for Thank you” and a 

painful crack in the lips will tend to make the speaker say *'kind” 
for **find ” Whether or not there is a simultaneous approximation 
of the vocal cords to produce a hiss with every surd fncative, or 
whether the hiss w an involuntary compensation for a constriction 
elsewhere that is formed only laxly or not at all, is a problem for ex- 
perimental phonetics to settle I am inclined to believe that it is 
the latter, that it is the result of the speaker’s had consc lenc e for the 
omission of an articulation which he knows should be made , it is in the 
nature of a back-seat driver’s tramping on a brake that docs not 
exist Fashion dictates that the spirant be not \ igorously articulated , 
the consciousness that something is omitted causes a compensatory 
twitch of the highly sensitive nerve that controls the vocal cords, 
and a glottal spirant is the result 

If this w true, the frequent rhange of s to A ran prove nothing as 

•* O'Leary, op tP9 M-55 
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to tlu (Hiality of tho oiigiiiiil sound, and tlu n is uo sraduiil transition 
to tho ultimate sound from ^tin ration to Koncntum of sjwiikrrs 

Tin disap|>caran( ( ot this or of my othf r h a familiar pht noin- 
tnon of languafit tho Gniks named it 'psilosis and noted Us 
puMihnef amonjf Jonmns long htfoio tin hrginnmg of our era It 
may be due ultimitelj to the failure to hoar the sound, just as our 
young pe ojdo are freepnntly uniblo to doeide mi the eorreet pio- 
nuiKiation of humor, herbs ete 

riio phonome^non of am le nt eiiu! modern dental s from ee rtbial ? 
fan bo ovplaumd in a number of w lys (1) the desirt to distinguish 
the phonomo from the palatal (2) tho de\eloptnent e>f a dental s 
from elental stops and ultirnatf ooalesctrift, (^) the substratum 
mfluoneo, (t) assimilation 

It remains for us to e oiisulor the changes invejKod in Ihf Albanian 
6 and ^ and tlu Slavic x these the change to the interdental is 
paralleled in our own times by the Castilian development of n-arwn 
from ruiiionein It invoheh an intermediate stage of dental v, but 
this i miy again l>e fiom vanous origins, part le ularly from the dis- 
jUaeernent of another siliilanf artieulatiori or from the resolution 
of a dental afineate 

The \lbanian ^ is said to lx a palatah/eel gf 4- a palatal voiced 
sihiknt It IS not unusual that a spirant becomes an affruate by 
the accretion of a homorganous stop ef the Flerhner Icha, dja for ja, 
the bpamsh- \inc ru an habit of saying ^n, jo for ya and yo, and the 
Geithic development of mterv ocalie and teie to ddj and ggw (Old 
Norse even shows a change of the ddj to ggj, e g ^ggja [gen pi ]) 
The Albanian development is no doubt similar, and the starting point 
may well have been the cerebral voiced sibilant, which shifted to a 
pure palatal, after which the initial stop developed, cf jarper 
(“snake") Greek ^PTTW, but sferpt (“creeping"), from the 'Iiefsinfe 
of the root *8erp 

The Slavic development of s to the arA^Laut would seem to h ad 
over the palatal fncativc {tch-Lmi) Indeed we can easily imagine 
the Huceession of the stages and it is possible to cite examples 

for the confusion of each of these successive stageii with the pre- 
ceding one At any rate , whatever the vanous steps in the Albanian 
and Slavie developments may have been, the starfing jioint ? se'ems 
more plausible than s in both languages 
* Pekmoxi, Georg, OrammeUtk der ^IhanetMteken btpraehe (Vittma, 11K)8) § 8 
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I think it probable, thru, tliat 

(1) Iflg had only on< voiuhss spirant for no lanKuage showb a 
divirgtnt tnatrnont of the prinntivi Mibilent umUr identical con- 
ditions 

(2) IdK 'f was not palalid, for it did not fall together with the s 
developing from the palatal stop Mso Semitic transcriptions from 
Idg languagCH represent the sound by means of samet h and sin, not 
liy shin 

(3) Idg s was not dental for it sounded like the Se untie 6 to the 
ancient Greeks anel Romans and to the Hindoos while Herodotus 
identified it with the Pe rsian ^ ainl tlie Hungarians with then ? In 
(lermamc and Albanian it wius kept apart from the sibilant that 
developed from a d< ntal, and that it was a neai palatal i pio\ed by 
the Old Norse r-umlout 

(4) The (trebral ? in the Brihmi and tlu Dcvanagiri alphabets 
IS a pe^rsisteme of an l<lg value, for it is the sound tfiat 1 m st fats Idg 
dc v ( lopim nts 

Lniviubiti Oh MnaiOAN 




A QUARTER (^ENTURY (1912 3b) OF METE- 
OROLOGICAL DATA, DOIK^iLAS LAKE, 

MICHIGAN * 

I RANK C GATtS 

T he present paper is a summary of the first twenty-five years’ 
meteorological data obtainul at tlw Biological Station of tht 
University of Muhigan at Douglas Lake, Cluhoygan County, 
Michigan It continues previous articles m tlu volumes of tin 
Michigaji Academy Hi< first one, which covers tht period fiom 
1912 through 1918, appeared m th( Annual Reportn^ 21 373 378 
Two later ones, published in the Fapersy 2 475-489 and 14 bOl- 
612, bring the records through 1923 and 1929, respettively Sintt 
1929 records have been taken on the new station site about out -half 
mile to the west These records i^ere obtained from standard wt atlier 
bureau instrumtnts The maximum and minimum thermometers 
were exposed in a standard shelter with tlu solar theimomtttr and 
the 8-inch rain gauge near by These mstnimtnts were read twuc 
daily 

In this article temperature is expressed m degrees hahrcnheit 
precipitation in inches, evaporation and solar intensity between 1915 
and 1922 in e < per day, and dragoyle ^ readings m beats per 
mmute Averages are calculated from the grand totals The y are 
usually based on 26 years^ re< ords of the periods m which the Bio- 
logical Station was in session and of shorter periods before and 
after the sessions, as shown in the tables These re< ords indicate 
that the summers are mild, with few periods of extremely high tem- 
perature and, usually, with fair to moderately warm days and cool 
nights, there is a high percentage of sunslune, and normally but a 

* Contnbutlon No 366 from the Department of Botany, Kanaaa State 
College, Manhattan, Kansas, and a eontnbutioii from the Biological Station of 
the University of Michigan 

^ Oates, Frank C , and Black, Robert T , ** The Dragoyte as an Ecological 
Instrument , Bhohffyt 12 448-451 1981 

561 
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modest amount of ram dunng the summer — aometunea oven to the 
jHwnt of severe droutlxs 

MbTEOROI OGICAL SUMMAHirS, 1912-36 

(Table I) 

Table I imludos Tables III, II, and I, respoctn t ly, of the three 
publications alre^y (ited, but bnngs the data through 1936 Ihe 
summaries of evaporation from standardized Livingston atmom< ters 
and solar intensities from standardizeil blaikened Livingston atinom- 
eters are included for the |Hnod between 1916 and 1922 Solar 
intensity is expressed as ( < of water evaporated from a black 
sph« neal atmometer in excess of that evaporated from a white at- 
mometcr From 1926 on, ftolar temperatures were obtained by a 
standard black bulb tn vacuo exposed in the usual manner From 
1931 on, dragoylt readings were taken morning, noon, and night * 

METEOHOLOOICAL AVEnAQEB, 1912 36 
(Table II) 

In Table II various meteorological features are shown for each 
fifth of a month In June the temperature and the precipitation 
are for frcmi 7 to 21 yearn of record, as shown m the table, tliose for 
July and August, except the last periods, are for 25 years The data 
for solar maximum temperatures are based on 11 years of record, 
and the barometer data and dragoyle readings, on 6 years 

METEOROLOGICAL DATA, 193CH36 
(Tables III-V) 

The daily maximum, minimum, and solar maximum tempera* 
turcs and precipitation bnng the printed record to date All these 
records have been made with standard weather bureau instruments 
properly exposed 

METEOROLOGICAL EXTREMES 

Durmg the past 25 years the temperature has reached or exceeded 
100^ F fifteen different times once in 1911, three times m 1916, 

* For the oonstruLtioa and operation of the dragoyle see footnote I The 
figureii give the number of beats of this mstrumeot per minute, each beat being 
equivalent to the evaporation of 0 00060S1 c c of water 
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twuf in 1917 (104® on July 31, 1917, the highost on rorord), onr( 
in 1921, omt in 1927, ome in 1931, and six tmus on lonsuiitut 
days in 1956 Iht bummer tt mperaturo has fallen to 36® or bdow 
(ight tiniOH once ui 1918, twice m 1921 (28® on June 4, 1921, the 
lowest on record), twice in 1922, twue in 1025, and onto m 1928 
Iherc have been eight periods of no measurable precipitation for 
fifteen or more days one each in 1917, 1919, 1928, 1929, 1930, 1933, 
and two in 1936 (19 days each, the longest on record) C onsidenng 
rains of agruultural nnportaiuf as 0 25 inch in a day, there have 
been nineteen j>enods of drouth of twenty or more days one tach 
m 1913, 1915, 1916, 1918, 1919, 1925 1927, 1929, 1930, 1931, 1932, 
1933, 1934, 1935, 1936 (44 days, tlw longest on record), and two cacii 
m 1923 and 1926 

Hail storms arc unusual Only thre^ hav( occurred since the 
establishment of tlie Biological Station, and c a< h c overed but a slight 
area 

A single tornado went through a small section of the district m 
the earlier years of thc^ Station and twisted down largo hemlock'^ <m 
both sides of its path Heavy windstorms, however, are more fre- 
quent Two or three are expected e\ery summer 

Displays of aurora borealis also take jilacc sc\cral times each 
summer In 1918 they wore particularly spectacular 

Kansas Statk Coilbqb 

Manhattan, Kansas 
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TABLE I 


WIIM8BK StlUlIAHIB*, DotrOLAB Laki, Michioan 


Month 

AND 

Yhah 

.... 

Tkkphbatuiud 

PrKCIPITA' 

WON 

Evapo- 

RATION 

Solar 

Intbn- 

8ITY 

Abe 

mftx 

Av 

max. 

m 

Av 

min 

Mean 

Ppt 

Days 

ppt 

July, 

1912 

95 

77 6 

im 

57 5 


106 




Aug, 

1912 

84 

687 

EH 

538 


6 79 

n 



July, 

1913 

■9 

78 5 


567 


S07 

10 



Aug, 

1913 

97 

82 0 


601 

710 

0 51 

3 



July. 

1914 

94 

8U 

46 

582 

700 

184 

7 



Aug., 

1914 

98 

800 

46 

565 

680 

171 

8 



July, 

1915 

92 

77 6 

44 

S40 

661 

169 

13 

14 2 


Aug, 

1915 

84 

781 

48 

556 

641 

3 76 


114 


July, 

1916 

102 

873 

44 

612 

74 2 

107 


450 


Aug, 

1916 

99 

82 8 

42 

594 

707 

166 


270 


July, 

1917 

104 

813 

50 

603 

709 

133 


363 

11 0 

Aug, 

1917 


76 2 

43 

566 

663 

214 


343 

61 

July, 

1918 

96 

79 2 

89 

552 

672 

1 39 


390 


Aug, 

1918 


79 9 

42 

569 

676 

2 52 


864 


July, 

1919 

96 

818 

385 

552 

669 

123 


81 1 

161 

Aug, 

1919 

90 

76 4 

46 

563 

Eg 

803 

5 

235 

119 

June, 

1920 

96 

78 8 

43 

562 

678 

234 

10 



July, 

1990 

87 

731 

395 

524 

627 

277 

n 

826 

86 

Aug, 

1920 

88 

76 4 

40 

530 

64 7 

354 

6 

288 

62 

June, 

1921 

91 

826 

28 

546 

086 

in 

5 



July, 

1921 

100 

876 

52 

68 8 

752 

2 41 

9 

841 

179 

Aug, 

1981 

87 

734 

43 

542 

688 

413 

n 

384 

117 

iune, 

1922 

87 

718 

30 

505 

609 

202+ 

6 



July, 

1928 

87 

74 4 

42 

541 

643 

605 

12 

810 

93 

An*., 

1922 

01 

766 

45 

559 

661 

227+ 

4 

too 

13 4 

June, 

1998 

95 

708 

87 

525 

659 

185 

6 



July, 

1923 

94 

816 


530 

678 

162 




An*. 

1923 

89 

747 

87 

494 

616 

3 21 

8 



June, 

1924 

87 

751 

43 

499 

625 

169+ 




July, 

1924 

91 

770 

41 

637 

649 

887 

11 



Au«, 

1934 

89 

730 

42 

529 

632 

447 

9 



June, 

1925 

80 

715 

34 

478 

EH 

3 40+ 

B3! 



July, 

1920 

91 

772 

40 

820 


800 

9 



Aug, 

1925 

95 

83.9 

49 

549 

Emm 

0*18+ 

8+ 


* 
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TABLE I (Concluded) 


Montk 

YttAB 

TsHPllBAtUBB 

- p 

PBECIPITA- 

TION 

Dbagotle] 

Rkadino 

Abe 

max 

Av 

max 

Abe 

min 

Av 

min 

Mean 

Solar 

max. 


Ppt 

Days 

ppt 

E 


6 00 

June. 1026 

82 

72 4 

36 

48 3 

603 


B 

084+ 

•> + 




July, 1936 

91 


40 

516 

661 

154 

140 

240 

0 




Aug, 1026 

00 

768 

44 

657 

662 

156 

135 

213 

12 




June, 1027 

08 

MM 

37 




— 

— 

— 




July, 1027 

102 

790 

38 

532 

661 

159 

135 

2 71 

10 




Aus,lB37 

86 

74 6 

36 

464 

605 

145 

137 

015+ 

2+ 




June, 102$ 

82 

78 6 

35 

51 1 

623 

148 

127 

3 64+ 

8+ 




July, 1028 

07 

706 

43 

561 

67 8 

151 

137 

3 25 

12 




Aug, 102$ 

01 

818 

46 

55 0 

088 

156 

140 

2 24 

3 




June) 1020 

08 

77 8 

42 

51 5 

646 

152 


2 66+ 

7 + 




July, 1929 

05 

814 

40 

53 5 

67 4 

156 


2 47 

8 




Aug, 1020 

87 

718 

39 

m 

627 

151 

140 

2 52 





June, 1030 

MU*. 












July, 1980 

01 

78 8 

46 

564 

676 

150 

147 

2 38 





Au«,19ao 

02 

SOS 

48 

582 

60 5 

167 

146 

048 

3 




June, 1031 

98 





150 


2 25+ 

2+ 




July, 1981 

100 

827 

52 

606 

716 

169 

144 

2 68 

0 

16 

61 

60 

Aug , 1981 

06 

806 

51 

585 

698 

165 

140 

0 43+ 

4+ 

12 

60 


June, 1032 

SO 

730 

44 

52 7 

633 

150 


0 69+ 

3+ 

9 

57 

50 

July, 1983 

89 

77 6 

45 

674 

675 

155 


315 

10 

15 

64 


Aug, 1982 

92 

793 

46 

581 

687 

154 


2 58 

0 

11 

63 


June, 108$ 

E3 

874 

58 

630 

702 

158 


0 36+ 

2+ 

15 

66 

67 

July, 1988 


820 

47 

501 

710 

155 

146 

834 

5 

17 

63 

65 

Aug, 108$ 

88 

771 

45 

662 

661 

152 

130 

100 

8 

8 

63 

61 

June, 1084 


769 

45 

54 5 

657 

147 

MM 

164 

7+ 


44 

65 

July, 1984 


700 

48 

576 

688 

152 

141 

100 

8 


64 

66 

Aug., IW 


7a8 


510 

62.0 

147 

134 

288 

10 


50 

44 

June, 1085 


710 


530 

640 

150 

..M. 

152+ 

6+ 




July. 1936 

05 

836 

mM 

6A0 

728 

161 

144 

156 

9 

17 

50 

58 

Aug, 1986 

88 

m 

45 

68.9 

675 

150 

136 

424 

13 

8 

40 

48 

June, 1036 

82 

743 

19 

618 

628 

155 


0 12+ 

1+ 




Jiify, 1989 

108 

846 

19 


720 

158 


081 

4 

17 

73 

ti 

Ang^lOSO 


762 

m 


665 

152 


410 

n 

15 

66 

62 






































556 


Frank C Gates 



(4 


i 

H 

* 



































Meteorological DatCf Douglas Lake 


TABLE III 

Maxiiivm and Minimum Tempskaturrm Dovoia^ T akk, Michigan 

(Defcrocs I*ahrenhcit) 



1: 

— 

1932 

1 1933 


Min iMax 


JONX 18 

19 

20 
21 
22 

23 

24 
26 
26 

27 

28 

29 

30 

JcbT 1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

18 

14 

15 

16 
17 
IS 

19 

20 
21 
22 
28 
U 

25 

26 
27 
26 
20 
80 
81 


48 t 

li 

65 

07 

59 1 

80 

69 

73 

66 

78 

61 

75 

69 

72 

75 

67 

71 

64 

60 

72 

59 

70 

60 1 

i 74 



Max IMin ^Max I Min IrMax j Miti 


s 74 53 , 

85 50 I 

69 54 j. 63 

71 45 61 

I 90 52 1 72 

80 59 78 

71 55 79 

I 58 54 ' HO 

52 I- 78 
61 !! 75 
59 li 82 
58 81 


58 

58 

j ou 

71 

58 

60 

68 

75 

87 

IJO 

66 

68 

O 9 

80 

85 

65 

59 

78 

86 

52 

73 


50 I 
52 1 
50 81 

50 t 82 57 
60 I 68 

51 79 
55 I 68 
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TABLE III {Concluded) 


Datb 

1930 

1931 

1^2 1 

1933 

1934 

1935 

1936 

Max 

Mitt. 

Max 



Min 


Min 

Mm 

Min 

Max 

Min 

Max 

Mm 

Aoa 1 

83 

54 

72 

57 

0 

55 

78 

66 

80 

50 

78 

66 

88 

59 

3 

93 

67 

86 

58 

79 

56 

68 

58 

76 

58 

79 

55 

84 

62 

3 

91 

72 

77 

60 

81 

62 

73 

55 

73 

58 

79 

65 

80 

65 

4 

85 

68 

87 

58 

88 

61 

77 

54 

77 

51 

76 

60 

74 

56 

6 

89 

60 

96 

62 

77 

63 

83 

56 

78 

52 

80 

67 

78 

50 

6 

86 

60 

82 

67 

78 

54 

86 

54 

83 
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71 
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58 

EH 
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59 
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Meteorological DcUa, Dovglaa Lake 
TABLE IV 


Precipitation in Tnckk^^ OotrauAs 1 akb, Michiqan 


Oatb I 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

(UNl 17 






1 



18 





0 21 

1 

> 1 34 

- 

19 






1 


— 

20 





tr 

1 


- 

21 





0 27 


— 

22 

OO 


0 61 



013 

004 

— 

24 




0 34 

— 



25 


- 

009 


004 

tr 

tr 

26 

001 

tr 

tr 

— 

0 59 

tr 

- 

27 

— ^ 



— 


0 14 

0 12 

28 


164 

- 

tr 

— 

— 

“ 

29 

0 53 

tr 

026 

002 

0 01 


tr 

30 

088 

- 

0 34 

tr 

029 


tr 

tvhy 1 


— 

0 01 

— 

— 

0 08 


2 

n 


tr 


— 

*— 

0 08 

0 01 

o 

4 

013 




tr 




5 

0 69 

0 78 

tr 

- 
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— 

6 


— 

0 13 

— 

063 

009 

— 

7 



0 07 

— 


0 01 

— 

8 

n 

tr* 

— 

— _ 

— * 

— 


•—- 

V 

10 

015 

n. 

0 13 


0 21 

— 

— 

11 


tr 

— 


— 

002 

— 

12 

102 

003 


— 

M* 

— 

— 

IS 

001 

006 


— 

0 18 

— 


u 


tr 

0 27 

tr 

— 

003 

— 

15 


— 

093 

— 

- 

— 


16 


1^ 

— 

— , 

— 

— 

— 

17 

tr 

tp 

— 
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— 

— 

— 

IS 


— 

A 

— 

tr 

— 


19 


0 21 


1 19 

009 

— 

— 


015 

— 

008 

0 75 

tr 

— 

— 

21 

002 

001 

0 52 

— 

009 


— 

22 


005 

— 

0 01 


— 

058 

28 

— w 

tr 
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— 


013 

24 




— 
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tr 

— 



-* 

26 

0^1 
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— - 
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27 


008 


tr 
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■rn 


28 



a3i 
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' — 

hbh 

aoo 
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— 
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— 
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tr 

ao 
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— 
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TABLE IV (Conclvded) 


Date 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

Ara 1 


0 05 


0 44 

0 05 



2 

0 32 

0 29 

0 53 

022 

053 

— 


3 

tr 


- 

— 


006 

tr 

4 


— 



- 

Ool 

— ' 

5 


— 

tr 


— 


— 

« 

- 


0 05 

- 

— 

1 18 


7 

— 

0 05 

004 

0 03 


0 01 

— - 

K 


0 04 

004 

— 

0 58 

— . 

— 

9 


tr 

— 



0 52 

028 

10 

— 

tr 

0 12 

— 


— 

- 

U 

. — . 

- 


0 01 

- 

001 

- 

12 


- 


006 


tr 

tr 

13 

tr 


— 

tr 


— 


14 


— 


— 

- 

- 

0 72 

15 

0 02 

tr 


— . 

0 33 


— 

1« 


- — 

- 

0 03 

— 


— 

17 

— 


0 15 

099 


0 22 


18 



003 

0 12 

048 

0 15 

0 02 

19 

— 

— 


^ — 

0 24 

tr 

— 

20 



— 

— 

: — 

1 12 


21 



— 

— 

- 

0 13 

0 31 

22 

— 

— 

- 

— 

020 

— 


23 

— 


' 


030 


BCl 

24 




— 

0 12 

- 


25 

— 
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tr 

tr 

— . 

26 
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0 70 

— 

— 

tr 

0 63 

27 

— . 


tr 

— 

tr 

tr 

~ 

28 

tr 
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— 

0 29 

1 40 

29 

tr 


092 



0 02 

010 

30 

— 


tr 


— 

002 

-V— 

31 

009 




005 
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TABLE V 


Solar Maximum Ticmperatukk», Douolab Lark, Michigan 

(DegrpeA I'ahrenbeit) 


Date 

1930 

1931 

1932 

1933 

1934 

1935 

1930 

Junk 1H 





141 



19 





118 



20 





143 



21 


141 



132 



22 


— 



137 

119 


23 ! 




148 

147 

144 


24 


143 

140 

146 

144 

145 

147 

25 


147 

127 

U8 

137 

113 

155 

26 

— 

150 

147 

146 

58 

148 

134 

27 

110 

148 

147 

153 

143 

115 

132 

28 

141 

147 

150 

152 

147 

140 

112 

29 

IJO 

150 

147 

158 

140 

150 

128 

30 

137 

159 

130 

150 

144 

144 

135 

JVLY 1 

140 

159 

135 

164 

114 

126 

149 

2 

144 

124 

134 

146 

147 

135 

138 

3 

139 

no 

142 

144 

137 

143 

140 

4 

143 

142 

139 

148 

147 

154 

145 

5 

151 , 

127 

141 

165 

143 

150 

141 

6 

147 I 

147 

145 

149 

134 

119 

149 

7 

147 

149 

154 

no 

130 

102 

151 

8 

157 

140 

140 

148 

141 

HO 

156 

9 

161 

148 

153 

141 

160 

149 

156 

10 

169 

148 

148 

162 1 

73 

146 

166 

It 

146 

154 

119 

161 

162 

148 

158 

12 

123 

160 

150 

148 

149 

141 

156 

18 

118 

147 

140 

154 

145 

146 

165 

14 

137 

160 

139 

136 

149 

144 

131 

16 

141 

1 149 

134 

142 

134 

144 

148 

16 

166 

' ISO 

160 

147 

131 

141 

145 

17 

141 

156 

149 

146 

142 

160 

142 

18 

m 

149 

146 

141 

154 

143 

139 

10 

148 

154 

151 

153 

149 

164 

143 

20 1 

167 

147 

143 

248 

149 

151 

146 

21 1 

149 

160 

151 

146 

141 

16X 

142 

22 

157 

164 

144 

160 

139 

149 

140 

23 

163 

146 

154 

148 

143 

146 

138 

24 

149 

142 

141 

140 

144 

161 

136 

25 

157 

160 

156 

146 

145 

142 

140 

26 

137 

162 

140 

144 

139 

160 

130 

27 

1 162 

160 

146 

140 

144 

162 

146 

28 

153 

155 

145 

144 

137 

143 

142 

29 

160 

145 

137 

149 

135 

144 

138 

do 

: 164 

146 

141 

168 

142 

121 

189 

81 

151 

97 

147 

1S4 

ud 

148 

146 
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TABLK V {Concluded) 


■ ' > ’ - 

Date 

1930 

1931 

1982 

1933 

1934 

1935 

1936 

ATjq 1 

151 

130 

154 

140 

141 

139 

144 

2 

152 

141 

139 

68 

139 

149 

KSB 

3 

154 

145 

141 

142 

187 

136 

■9 

4 

140 

148 

149 

147 

141 



5 

156 

155 

149 

149 

138 


■9 

6 

148 

144 

144 

152 

143 


KM 

7 

157 

104 

145 

138 

147 


141 

8 

150 

104 

147 

139 

147 


145 

9 

145 

145 

150 

143 

147 


141 

10 

143 

147 

144 

150 

141 


141 

U 

135 

130 

138 

139 

137 


140 

13 

150 

140 

141 

142 

144 


117 

13 

140 

143 

151 

138 

132 


185 

14 

143 

154 

154 

139 

134 


131 

Ifi 

140 

117 

152 

145 

129 


135 

16 

139 

150 

146 

134 

140 

145 

183 

17 

139 

150 

148 

142 

145 

139 

135 

18 

140 

142 

185 

135 

141 

143 

135 

10 

141 

141 

138 

138 

133 

148 

187 

20 

140 

138 

143 

143 

133 

102 

133 

21 

145 

146 

147 

148 

135 

134 

185 

22 

143 

153 

143 

143 

129 

141 

144 

33 

143 


128 

141 

142 

187 

134 

24 

143 


146 

149 

128 

138 

135 

26 

148 


146 


128 

138 

lie 

26 

143 


145 


130 

142 

84 

27 

151 


135 


98 

187 

136 

38 

151 


145 


137 

125 


29 

142 


92 

B9 

129 

132 


30 

153 


152 

B|9 

131 

120 


31 

150 


149 


87 


LHL 










OESTROGENIC ASSAY OF CERTAIN 
SYNTHETIC COMPOUNDS* 

BENZANTHRACENE AND DIBENZANTHRACENE 

DERIVATIVES 

JAMES T BRADBURY 

T he «ynthefiw of a senes of phenanthrenc denvatives is t>ie project 
of Dr W E Bachmann of the Department of Organic Chem- 
istry, University of Michigan It has been our privilege to attempt 
to assay a number of these pure crystalline compounds for their 
oestrogenic activity Some preliminary assay results on several 
lf2-benaanthracene and 1 ,2,5,6-dibena5anthracene derivatives are 
presented in this paper 

METHOBB 

The assay teclmique is comparable to that employed by Allen 
and Doisy (1923) The matenal to be assayed is put mto solution 
and injected mto rats or mice which have been spayed for at least 
two weeks previous to the assay Aqueous solutions are given in 
four divided doses over a forty-eight-hour penod Oil solutions are 
given in one injection on each of two successive days 

Sesame oil has been in general use as a solvent, but it is not 
readily absorbed We have observed oil cysts present as long as 
SIX months after injection, and from the results of the development 
ol neoplastic changes in association with these oil cysts it appears 
that some of the crystalline solute still remains in the oil Peanut 
oil is more readily absorbed, so that it has been used as the solvent 
m the more recent experiments Pincus and Wertheseen (1036) re- 
ported that when substances are injected intrapentoneally it is pos- 
sible to get oestrogenic activity with smaller doses than wdl give 

* this study WM msde ipoivible by a grant to Dr Norman MUlsrt Uni- 
veislty of Michlgas, from the Faculty Rasearob Fund Hie author is research 
•siitiaat to DnMiUer 
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this sub( utaneously Their method has been used in part of 

the assays m tins study and has been checked against subc utaneous 
injections of the same substances In using tiu two methods we 
have not found as great a difference in activity as would be expected 
from their results 

The changes in the vaguial mucosa arc observed by microscopic 
examination of material obtained from the vagina A pipette or a 
wire loop lb introduced into the vaginal canal once daily, and the 
material thus obtained is spread on a glass slide and allowed to dry 
Ihese spreads or smears are suitable for microscopic study without 
further fixation or staining An active substance usually produces 
the typical cornifieation changes within 72-96 hours after the first 
injection 


ASSAYS 
(Hg 1) 

Cook and his coworkers (1934) made the surtinsing discovery 
that some of the synthetic phenanthrene derivatives were oestro- 
genic One of the compounds that they found most active was 
the dipropyl-diben*anthracene-diol (9,10-di-n-propyl-9, 1 0-dihydroxy- 
9, 1 0-dihydro-l ,2,5,6-djbenaanthracene , Formula A) They reported 
this substance to be oestrogenic m dosages as low as 0 025 mg Wc 
have not approached this dosage, but the compound is very active 
A vaginal < ormfication that persisted for 22-28 days was produced 
by 0 5 mg This long period of response indicates the slow rate of 
absorption of this relatively insoluble substance when in sesame oil 
The rate of absorption of the mstenal may be affected greatly by 
the solvent A dose of 0 4 mg dissolved ii||propylene glycol pro- 
duced vaginal comification that persistcnl fw 7-11 days, whereas 
0 2 mg m sesame oil was effective for 25-30 days The propylene 
glycol IS absorbed much more quickly than the sesame oil, and the 
crystallme solute is absorbed with it This is further borne out in 
our expenmentjs, in which we found that this slfbstanco m sesame 
oil gives nse to the formation of spmdle cell sarcomata at the in- 
jection mte We have not succeeded m producing sarccmiata with 
a propylene glycol solution unless It was a supersaturated sc^ution 
which allowed the deposition of the crystallme material in the tissues 
(Bradbury, 1036, and unpublished data ) 

A second compound (OjlO-di-n-propyl-OilO-dihydroxy-^jlO-diby- 
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Fio 1 Structural formulae of the rnmprmndM Mtu(lu*<l R denotes an alkyl 
radical (methyl ethyl, or propyl) Key letters are given for reference to 
the text 


dro-5-methyUJ,2-bui2ianlhrac(nt , formula B) diffors from tlu first 
by the rcplatement of a benzene nng with a methyl group and i« 
considerably less active Injections of 0 5 mg produced vaginal 
comification which jiersisted for 2-4 days in seven rats Only two 
of the five injet ted with 0 08 mg responded This substance apiicars 
more active in rats than in mite Eight rats and seventeen muc 
were injected with oestronc on two surcessivo days, the total dosage 
bemg 0 (K)l mg of pure crystalline theehn ^ All the mice responded, 
but only one of the rats These aiumals w< re injected again later 
with a total dose of 0 25 mg of the 5-methyl-dipropyl-dio! (For- 
mula B) Of the four rats injected subcutaneously two gave a full 
oestrogenic response and one only a partial response, while three out 
of four injecU^d intrapcntoneally gave a full response and the other 
only a partial, eight mice were mjected subcutaneously and mne 
intrapcntoneally, none of thim responded In another attempt four 
out of eix mice respondt'd to doses of 2 4 rag mtrapentoneally, but 
this dose was ineffective in all six mice injected subcutaneously Rats 
were quite umformly responsive to doses of 0 26 mg , whereas mu e 
require dosages of at It ast 2 4 mg to produce vaginal comification 
even when given intrapentoneally A greater sensitivity of the rat 

‘ Pure crystoIJioe theolin supplied througli the kindness sod generosity of 
Dr Oliver Kamm of Parke, Davis imd Co 
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as compaN^d to the mouse' has been known for pregnancy urine 
prolan (Zondek, 1931) However, the more common oestrogens 
(ocstrone, oestnol) have been shown to require larger dosts in the 
rat than in the mouse 

The replacement of the methyl group of compound B by a 
phenyl group docs not destroy its oestrogenic activity, as w shown 
in intrapentoneal assays of 9,10-dialkyl-9,16<bhydroxy-9,10-dihy- 
dro-6-phenyl-l,2-ben2anthraccne, Fonnula C We have tned the 
compounds in which the dialkyl groups were methyl, ethyl, n-propyl, 
and n-butyl The dimethyl compound was inactive m mice at dosages 
of 5 mg Eight out of ten mice responded to 5 rag of the diethyl, 
but only four out of ten responded to 6 mg of the di-n-propyl The 
di-n-butyl gave no effect at doses of 5 mg CJook and others (1936) 
ha\e studied the alkyl substitutions of the dibenzanthracene-diol 
(Formula A) and found the di-n-propyl much more active than the 
diethyl, but the dimethyl and the di-n-butyl were relatively inactive 

Whi n the phenyl group w absent from compound C, as in 9,10-di- 
alkyl-9,10-dihydroxy-9,l()-dih3rdro-«l,2-benaanthracene, Formula D, 
there is an enhancement of the oestrogenic activity The dimethyl 
was inactive at 5 mg , whereas the diethyl was very active at 5 mg 
and gave some effect at 0 8 mg The dipropyl denvative has not 
been successfully prepared in a crystallme form The matenal avail- 
able probably had only one propyl group and was inactive at 5 mg 
These compounds were tested only by intrapentoneal administra- 
tion in mice 

The dimethylester of the compound (9, lO-dicarboxy-9, jo-dihydro- 
1, 2,6, 6-dibenaanthracene, Formula E) showed no evidence of oestro- 
V genic activity at a dosage of 50 mg In one of the three rats injected 
a sarcoma developed at the mjection site Thh water-soluble potaa- 
mum salt of this compound (Formula F) was inactive in 10 mg doses 
Another preparation (5-keto-5,ff,7,S-tetrahydro-l,2-b6ncanthracene, 
FormtUa G) was inactive lu doses of 30 mg 

piacuasiON 

Certain of these synthetic compounds appear to be more oestto- 
gemc in rats than m mice, which is the converse for the more commofi 
oesthigens such as oestrone or oestnoi Whmi the oestrogenic bib*- 
assay method was first used it was assumed that it was a specific 
Mologie response With the advance in the chemistry the sax 
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hormoni's it became apparent that the 8o-< ailed female sex hormones 
existed in several chemical forms which were all dosely related 
as oxidation and reduction products However, it is now evident 
that many compounds not even closely related to the ovanan hor- 
mones are capable of producing comparable physiological results 
These Sndings indicate that either the oostrous mechanism is very 
unspecific as compared with other biological processes or that all 
the compounds may be reduced to some more simple substance 
which IS the active agent It is hoped that a continuation of this 
study will help to clarify the chemistry of the oestrous mechanism 

OF MirmoAN 
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IDENTIFICATION AND DISTRIBUTION 
OF PNEUMOCOCC^US TYPES IN 
PNEUMONIA PATIENTS 

JDITH It IIAMIITON 

I N VIFW of tlu \^ork done in the oa,st and m thr far wtst of this 
(ountry, as Wfll aa of that abroad, on tho inndenrc of piuumo- 
oo(tns tyfMH, it waa thought advisabk to make a compan tnc study 
of tlu typirt which occur in tho Detroit area The T\ork was per- 
formed at the Detroit Receiving Hospital This pafur is a report 
of the results obtained during the period from March, 19^5, to 
Sept<»mber, 1936 

In the first part of the study (March, 1935, to September, 1915) 
pneumococci wore typed by using antipneumoooccic strums of 
Types I, II, and III The pneumococci whn h did not reat t to these 
serums were classified as Group IV Later, howe\er, we were abli 
to separate Group IV into twenty-seven specific serological types 
by using serums of Tyties IV to XXXII, as suggested by Cooper 
and others Tlu Henim for this work was supplied to us through 
the courtesy of the New York City Health Laboratory and the 
Lederle Laboratories, Inr 

METHOD OF TIPINU 

Except for a slight vanatiori in the preparation of tho hputuin, 
the method of typing used was that of Neufeld (4) The whole 
sample of sputum, which was as larger as possible, was shaken lu a 
tightly stoppered bottle , together with saline and a do«en or man 
BB shot The amount of saline and shot depended upon the size 
and the consistency of the specimen This was for the purixise of 
makmg the sputum an easily managed emulsion A drop of the 
prepared sputum was placed on a cover slip by means of either a 
wire loop or an opsonic pipotte, and to this were added a drop of 
Ldffler's methylene blue and a loopful of diagnostic antipncumococcic 
rabbit serum The whole paparation was mixed with the wire loop 
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and inverted over a plain slide and then examined under an oil-inuner- 
mon lens When a homologous typing serum is used, the pneumo- 
coccus IS easily recognized in such a preparation by the charactenstic 
swelling of its capsule 

To facihtate the classifying of all thirty tyi>es of pneumococcus 
“ pools or grou]>8 of diagnostic serums are available, each pool con- 
taining from three to six individual types In the technique de- 
scribed above the sputum is mixed with each group and examined 
mieroscopieally after standing alxmt ten minutes If no reaition 
ensues in any of the groups, the H|)e< imen should be allowed to stand 
for at least half an hour When a queibng occurs in any one of the 
groups, It is necoBsary to retype the sputum with the type serums 
which comprise the group In this manner the individual type or 
types can be identified 

Pneumococci obtained from blood cultures, throat cultures, spinal 
fluid, and exudates were even morc^ rapidly typed by the same 
method When the sfieeimen did not show enough pneumococci, 
it was injected intrapentoneally into a mouse, and after four hours 
the pneumococci in the aspirated pentoneal fluid were typed by the 
same Neufeld method Occasionally, when no sputum was available, 
nasopharyngeal cultures, grown on dextrose brain broth, were used 
for t3q)ing Later, however, we found that speed and accuracy 
were increased by centnfuging these broth cultures and using the 
sediment The few throat cultures typed in the laboratory checked 
with samples of sputum obtained later, or when typings were done 
on matenal from autopsy 


PISTKIBUTION 

Comparative occurrence of pneumococcic Types I, II* and III, 
as found in different and widely separated parts of the world, is 
shown in Table 1 

From Tabic 1 it will be seen that, except in Borne and Detroit, 
Type 1 pneumococcic pneumonia occurs most commonly In De^ 
troit Type II sccuns to preckmunate OeneraHy speaking, Type III 
IS relatively rare, and our findings closely compare with experience 
elsewhere 

The incidence of the vimous types found in pneumonia m the 
Detroit (Beceiving Hospital) survey and their comparative occur* 
renoe in four widely separated citiea in the woHd are shown m 
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Table II In this survey 81 per cent of the pneumococci were isolated 
from patients with pneumonia Of these crises (as shown in Table IV) 
77 per cent were males and 2^ per cenl females Of the total number 
there were nearly twice as many whili (64 t>er cent) as blm k (36 per 
lent) 


8UMHART 

In an interval of eighteen months, from Mardi, P)36, to Sep- 
tember, 1936, pneumococci wore found m 779 patients, of whom 633 
(81 per cent) had pneumonia Contrary to the usual experience, 
we found that Ty })0 II pneumococci were most frequent, having 
been encountered m 117 (ases (18 4 per cent) lype I occurred 
in 99 cases (16 per C'cnt) The order of prevalenc-e of a few of the 
other types was Type VII, 5 8 per cent, Type III, 4 4 per cent, 
Type IV, 1 8 per cent, Type VIII, 1 7 per cent, Type V, 1 5 per 
cent A slight modihcation for the preparation of sputum is de- 
senbed 

For advice and encouragement 1 wish to thank Dr Osborne A 
Bnnes and Dr Alvin E Price, under whose direction this investiga- 
gatton was made 

Hsceivjnq Hospital 

Detroit, Micrioan 
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TABLE I 

PsRcBNTAas or Inudenck or Types and Iocation of Studies 


Types 

Boston 

(5)* 

New 

York 

(1) 

San 

Francisco 

(3) 

Naples 

m 

Rome 

(7) 

Peiping 

(8) 

Detroit 

I 

31 

23 

42 8 

■n 

16 3 

409 

16 

11 

17 

9 

12 1 

■H 

336 

186 

18 4 

111 

16 

9 

85 

11 

308 

53 

44 

Number of 
cases 

857 

397 

322 

131 

140 

158 

633 


* The numbers in parentheses refer to articles m t iterature C3ted 
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lABLK II 

Percentaoe; of Comiaraiivf Oclurrence of 
Pneumococci lYPEt. IV to XWII 


Typo 

New \ork 

U)" 

San 

IranttHCo 

(3) 

1 

Peipinj; 

(8) 

Det roit 





20 6 { 

IV 

U 

09 

1 0 

1 8 

V 

12 

2 

18 

1 5 

VI t 

d 

1 

5 

04 

VII 

97 

0 0 

i 

5 8 

VUl 

69 

43 

1 0 

1 7 

IV 

3 

24 

11 

0 9 

\ 

23 

03 

5 

0 

VI 

25 

00 

6 

0 

VII 

2 1 

0 3 

10 

0 2 

Mil 

25 

03 

1 0 

0 

XIV 

5 

1 2 

15 

1 2 

w 

25 

03 

5 

0 

\VI 

09 

06 

3 

04 

xvn 

2 1 

03 


0 

will 

39 

03 


03 

MV 

3 

0 

3 

06 

XX 

23 

03 

3 

06 

VM 

07 

00 

10 

0 

XVII 

09 

0 


00 

Will 

t 6 

0 

0 

03 

XVIV 

04 

0 

1 0 

02 

\\V 

07 

0 3 

1 0 

25 

XXVIl 

0 

0 

1 0 

00 

VXVIII 

02 

0 


0 

XXIX 

04 

0 


00 

XXXI 

0 

0 


03 

XXMI 

0 

0 


02 

Unclassified 

9 

19 


12 3 

Mixed types 

0 



1 7 

Total cases 

429 

322 

60 

633 


• Tb«s numbers m parentheses refer to artirle« in Litera- 
ture CJjted 
t A and B 
i Group IV 
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TABLE III 

OCCURRSNCB OF PnKUMOCOCCI IN SpITTUM OF 

Cases OrHiit than Pneumonia 


Type 

Detroit 

San 

Fratuisoo 

Peiping 

1 

5 

3 


n 

e 

0 


III 


8 


IV 

5 

0 

3 

V 

a 

0 

4 

VI 

3 

3 

15 

VII 

IJ 

2 

0 

vm 

2 

1 

9 

IX 

6 

1 

3 

X 

3 

2 

9 

XI 

4 

0 

4 

XU 

2 

0 

3 

xin 

3 

0 

B 

XIV 

5 

1 

2 

XV 

1 

1 

2 

XVI 

3 

1 

2 

XVII 

2 

1 

3 

xvin 

6 

0 

4 

XIX 

6 

3 

7 

XX 

4 

0 

3 

XXI 

2 

0 

2 

XXII 

6 

0 

3 

xxni 

0 

0 

10 

XXIV 

4 

0 

1 

XXV 

0 

0 

0 

XXVIl 

0 

0 

0 

xxvm 

4 

0 

1 

XXIX 

3 

0 

2 

XXXI 

3 

1 

1 

XXXII 

1 

0 

0 

Mixed type 

16 

0 


Total 

146 

28 

99 
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lABLE IV 

DuTRimmoN or Pnevuooo<oic Iypib 
A cooROiNO TO Sex and Race 


Typo 

Male 

Female 

White 

Black 

I 

76 

23 

64 

35 

11 

96 

21 

89 

28 

III 

23 

5 

18 

10 

IV 

9 

3 

5 

7 

V 

8 

2 

4 

6 

VI 

2 

1 

2 

1 

Vll 

32 

5 

17 

20 

via 

8 

3 

7 

4 

IX 

5 

1 

2 

4 

X 

0 

0 

0 

0 

XII 

1 

0 

0 

0 

XIII 

0 

0 

0 

0 

XIV 

6 

2 

4 

4 

XV 

0 

0 

0 

0 

\VI 

3 

0 

1 

2 

XVII 

0 

0 

0 

0 

XVIII 

1 

1 

2 

0 

XIX 

3 

1 

3 

1 

XX 

3 

1 

1 

3 

XXI 

0 

0 

0 

0 

\XII 

3 

1 

3 

0 

XXIII 

2 

0 

1 

1 

XXIV 

1 

0 

1 

0 

XXV 

12 

4 

6 

10 

XXVII 

2 

2 

4 

0 

XXVIII 

0 

0 

0 

0 

XXIX 

2 

2 

I 

3 

XXXI 

1 

1 

1 

1 

XXXII 

1 

0 

1 

0 

UnelaMnfied 

53 

25 

38 

40 

Total 

353 

.■Kill << 11 — 

104 

278 

180 
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TABLE V 

Monthly Incidbncjb of Pneumoc oc( i 


Type 

Sept 

(>(t 

Nov 

Dec 

Jan 

I<cb 

March 

April 

May 

June 

I 

4 

! 6 

2 

2 

14 

4 

21 

5 

10 

11 

11 

7 

5 

10 

D 

13 

11 

6 

8 

15 


m 

2 

2 

3 

4 

4 

2 

7 

3 

3 


IV 



i 1 

3 

3 

2 

5 

1 

2 


V 




5 

4 

1 

3 

0 

1 

2 

VI 





3 



2 



vu 



1 

4 

6 

10 

8 

8 

5 

0 

via 




4 

2 

1 

3 


2 

1 

IX 




4 

2 

2 


2 

2 


\ 



1 

1 




2 



XI 






1 

2 ' 



1 

\u 




1 



1 


1 


\in 







2 i 


1 


\IV 




2 

4 

2 

2 i 

3 



XV 







1 


1 


\V1 




3 

2 

2 


1 



XVIt 






1 

1 : 




XVIIl 




12 

1 


3 

1 


1 

XIV 



2 

1 

1 


2 

2 

1 

1 

XX 






5 


2 


1 

XXI 

xxu 



1 

1 

2 

2 

1 

3 


1 

win 

XXIV 






3 

1 ' 

1 

1 


XXV 



1 

I 

2 

6 

0 

1 

5 


xxva 




j 


1 

3 

2 



XXVIII 





2 

1 




1 

XXIX 






3 


3 

1 


XXXT 

WXII 







2 

5 






AN ANALYSIS OF HYBRIDIZATION IN A 
POPULATION OF STUNTED SUNFISHES 

IN NEW YORK 

RLIVI M UATirV AND KAHI h I AOIl R 

C ERTAIN nominal sjnties of Hunfishi s (f < ntrari ludai ) and 
apparently aberrant uulnuiuals liavo been definitt ly liown by 
previous workers to bo the result of hybiidization Sunhshts takdi 
in nature have boon dc ttrinmod as intorsjKoific or inti rjconc nc hybrids 
by Radchffe (1914), McAtoc and Wotd (1915, pp 12-13), Hubbs 
(1920, 1926, pp 71 72), Hubbs and Orten burger (1929a, pp 19, 
42-43, 19295, pp 49, 107), Osburn, Wickliff, and 1 rautrnan (1930, 
p 169), Hubbs and Hubbs (1931, 1932, 1913), Groeloy (1934, p 107, 
1936, p 87), Groeloy and Bishop (1933, p 101), Thompson (1936), 
and p< rhaps others Hubbs (1920), Hubbs and Hubbs (1932, 1933), 
and Bredor (1936, pp 20-21) havi pointed out that the tirnt and 
choice of breeding sites as will as a toleration for mtcrspocifii matings 
in nature produce most fa^orabh conditions for hybndization Fi- 
nally, the hybrids roarid expcnmeiitalJy m tht laboratory (Hubbs 
and Hubbs, 1932, 1933) agree anatomically with natural sficcimens de- 
termmed as bybnds, thereby establishing the ai tuality of hybridiza- 
tion in sunfishes That such hybridization is not of extremely rare 
occurrence is indicated by the large number of sjiecimens taken at 
numerous localities To the eleven known hybrid combinations m 
the family Centrarchidae listed by Brcder (1936, pp 20-21) we may 
now odd five more on the basis of specimens m the Museum of 
Zoology of the Unn ersity of Michigan, i e AUohs humihs X Eupo^ 
(f%bbo9U8y Illinois (reported also by Thompson, 1935), AUoitB 
humtlts X Heltoperea macrochiraf Kentucky (reported by O’Donnell, 
1936), ExipQfnott8 mtcrolopkus X Heltoperea macrochtraf Alabama, 
Heltoperea macrochtra X l^pomte auntuSf Alabama and New York, 
and Pomo^ie annularte X Pomoxts eparotdes^ Ohio and Illinois 
While working on the New York Biological Survey m the summer 
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of 1936 the authors encoimtered conmderable numbers of hybnd 
sunfishes m a pond on the property of the Campfire Club of Amenca, 
about one and one-half nules southwest of Millwood, Westchester 
County, New York Some study was made of these hybrids in the 
field, and numerous specimens were kept for subsequent study The 
fish fauna of the pond was found to be dominated by sunfishes Of 
the three sun fish species m it Eupomotts gthhottiM (Linnaeus) is a 
nativt inhabitant of sluggish waters in tins region, Heltoperca 
macrochtra (Rafinosque) was very probably introduced, although it 
iH now generally distrihuUnl in this area, and Apomotta cyaneUys 
(Rafinesque) was almost certainly introduced The last-named 
species, common in the Mississippi Valley and m parts of the Great 
Lakes system, was probably introduced into this pond accidentally 
during Its stocking with bluegills from the United States Bureau of 
Pishenes in 1918, it is unknown elsewhere in the Atlantic drainage 
basin of New York except m the near-by Croton Reservoir, where it 
was probably introduced from the same source Hybrid sunfishes of 
the three possible combinations, Apomotta cyanellua X Eupomotts 
gtbhostm, Apomotta cyafMua X Heltoperca macrocAtro, and Eupomotts 
gtbboaua X Heltoperca macrochtrat were also found The only associ- 
ated species of fish were Nolemtgonua cryadeucaa cryaoUucaa^ Perea 
jUmacma^ Anguilla boaUmtenstay and Sedvehnua fonttnahs fontinaUa 
(the trout are stocked here each spring, but probably never survive 
throughout the summer) 

This pond was formed m 1917 by damming a tributary of the 
Pocantico River, which flows into the Hudson River It has an area 
of perhaps fifteen acres and a maximum depth of about seven feet 
A maximum surface temperature of 90^ F was recmxied during the 
hottest week of the summer of 1936, at which time the air temperature 
reached 109^ F The bottom is composed very largely of muck, de- 
caying leaves, and other organle detntus. Parts of the inshore water 
are relatively shallow and have a gravel bottom that forms ideal 
spawning beds ior sunfishes, but these are so mail that there is 
serious orowdmg during the nesting period Thut is probaUy respon- 
^le m large part for the lack of a normal ecological segregatioii of 
the sf^es and, consequently, is most favorable for the production 
of an abundance of hybrids* Hubbs and Bubbs (1932^ pp 427^426) 
report this as a normal ecolofdcal condition where hybdds are ooM- 
monly produced, but m this pond food oonditiona arrpoor in contrast 
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to tho excellent food conditions which these authors noted as usual 
m ponds where hybnds alwund 

Four hundred and sixty-threi HunEshes wen obtained m Collec- 
tion 1, pntuipally on or near th< spawning beds, on July 9, 1936, 
when breeding was at its height Most of the adult specimens taken 
were unspent, and males, the nest guardians, were present m greater 
niuubers than females 

Collection 2, taken on July 25, 1936, fompnstd 873 specimens 
netted along the shore, where there was no eonc< nt ration of nests 
Spawning was well advanced at this time, although not entirely 
completed, and recently hat( hed young sunfish were common These 

TABLE I 

NcinsRicAL A^^J Pbopohtionai Distbibution of the Species and 

Hybrids, and Sex Ratios 


8peol«i or hybrid 


Apomoti* oysnallus 
bupoiDOtli itbbMu* 

BtkorochirR 

Apowotis X Kapotnnti« 
Ajmmotw X 

Supomoti* X n«)top«ro« 


Colleetion 1 

Collvotton 3 

ColleciioQH 1 
And 2 

II 

H 

%o< 

Total 

Hii 



%of 

TotiO 

%of 


Total 

%or 

B 

0 

& 

(468) 


cr 

' 


(878) 

totel 


(1386) 

total 

160 

119 


27» 

603 

864 

316 

62 8 

670 

76 7 

642 


710 

37 

7 

64 1 

44 

9 6 

59 

32 

648 


10 4 

71 1 

136 


41 

34 

647 

76 

16 2 

11 

9 

56U 


23 

666 

96 

7 1 

4D 

1 


41 

89 

70 

3 

96 9 

73 

84 

966 

IK 

86 

20 

m 

RriTi 

20 

43 

IS 

1 

92 9 

u 

16 


34 

26 

4 

■ 

RSp 

4 

OU 

4 

1 

800 

_iJ 


889 

9 

m 


were so small as to make an accurate determination impossible, and 
they are not included in our count So far as a w uu d shore sample 
can be representative of the fish population of a body of water, it is 
felt that this collection represents the relative abundance of the 
various species atKl hybrids The catching of a number of additional 
specimens by hook and hne in the deeper water indicates that larger 
UKbvuiuaia are present there than in the shoal waters Table I gives 
for both collections the numerical and proportional distribution by 
speeleB and hybrids, and the sex ratios 

Our objectives in this study have been as follows (I) to note thte 
depee of stunting of the fish, fIJ) to detennme whether or not the 
tixereased growth of hybnds observed by Hubbs and Hubbs (1931> is 
maintained under conditions of stunting, (III) to check further the 
fHodornmance of males among hybnds pewnted out by Hubba and 
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Hubbs (1933)^ (IV) to dettrminc whether or not hybndization is 
indiscriminate or is most frequent in certain hybrid combinations, 
(V) to compare thf ( haraeters of the hybrids and their parent speius 
Wt are indilited to Dr Fmmehne Moore, in charge of the Bio- 
logical Survey of the New York State C onseivation Department, for 
the pnvtUgf of studying and reporting iijKin this material Doctors 
Carl Jj Hubbs, Albert H Wnght, George C Embody, John R 
Greeley, Ralph Hile, and H J Deason and Mr Milton B Trautman 
have our thanks for helpful suggestions and criticisms throughout 
the progress of tlie work Mr W B Greeley, of the Campfire Club, 
has kindly p^o^ ided tho dates of formation and initial stocking of the 
pond 1 he spccimins arc deposited m the New York State Museum 
and the Museum of Zoology of the University of Michigan The 
agt determinations w(re made by Lagler, tlie morphometne data 
were collected by Bailey 


r STUNTING * 

In Michigan (Hubbs and Cooper, 1936, pp 672-576) stunting in 
Apomotis cyanellua and XencUtn megaloits pelianUs has been shown 
to result from a shorter growing season and lower mean annual tem- 
perature The same effect was noted upon the young of Platygdbw 
gractltit as a consequence of a heavy infestation of parasites (Hubbs, 
1927, pp 79-80), and was accompanied by marked morphological 
change s 

In all species and hybrids of the material here n {lorted upon we 
find a very marked reduction from nonnal growth rate, attended by 
bodily modifications the eye is larger than normal, the body w 
narrow* r, especially m the dorsal region, which has a *'ra»or-back” 
appearance , and dark longitudinal streaks run along the medial line 
of the scales on the side of the body The sunfish population in this 
pond was extremely heavy, and competition for food was intense 
There were relatively few aquatic organisms available as food, and 
any small object falling upon the water was inmediately seized 
Almost all the several stomachs exammed contained large amounts of 
edgae, supplemented by terrestrial msects, organic and morganic 
d^bns, and, m the larger specimens, fish remains If a fish attained a 

^ We prefer to employ the term ''stunting*' to designate an environmental 
effect resulting in decreased growth, "dwarfing" may be used to mdioate a 
genetic effects 
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*i!ZP permitting a hsh-fatnig diet the environmental restraint to 
growth was removed, for the available HUpply of both sunfishen and 
NotemtgonuH was enormous A female Xpomotu 206 mm in stand- 
ard length, in its tenth year of life, was caught in tins pond on hook 
and line by Dr C Willard Gretm the largest hybrid specimen 
taken m our collections, a male Apoinohs X Eupomotis, measunng 
only 115 mm , was in its seventh year, and the largist other fish, an 
ApomotiSj a malt 112 mm long, was also in its seventh year An 
examination of the scales of the 206 mm Apomohs indicates that its 
growth was abnormally gieat during the later yeais of life, which 
tends to substantiaU the vkw suggested above, that by feeding on 
other fish large sjh c miens are able to overcome the stunting effect of 
earlier lack of nounshment ( onsidenng the small available food 
supply and the avidity with whu h tlu fish took food, it seems very 
probable that dec rt osed growth rate, c maciation, and other modifica- 
tions are the direct results of malnutrition 

In support of this hypothesis wt mention a specimen of Eupomotia 
gthhosus from Queensboro liake, Roc kland County, Now York, whic h 
had a malformation that almost prevented oiiening the mouth 1 his 
fish showed extreme emaciation and an intensification of the various 
modifications noted above Presumalily the differences between it 
and its fellows were caused by its inability to eat a normal amount 
of food 

The typo of abnormality shown by these stunted sunfishes is ex- 
emplified by the figures and the description of PomoriB harben Hilde- 
brand and Towers (1628, pp 126' 130, Iigs 7-8), which, as Dr Hubbs 
has determined (unpublished data), were based on undernourished 
specimens of P Bparoiden In other species of the family Centrarchi- 
dao, and in other families, the same abnormal features a< company 
malnutrition 

As an index to the amount of stunting m the population under 
treatment, Figure 1 A presents a comparison of the growth rate of the 
Apomotia from this pond with that given by Hubbs and Cooper 
(1635, p 682, Table IX) for the same species in Michigan waters 
Within the area charactensed by a 150-180-day growing season. 
The New York pond lies m an area having a growing season of 175- 
190 days (Mordoff, 1934, p 36, Fig 46) Despite the longer growing 
season in this pond the growth rate is conspicuously retarded as onm- 
pared with that of the Michigan fish Further evidence of excessive 
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Fia 1 Growth ourvefi for sunfishw 

A CompATeo tho growth of Ap(moU$ eyandlut in the New 
York pond with thnt of the eame epecies m southern 
Miehi^ 

B Compares the growth in the New York |K>nd of males of 
ApomoUif SupomtAUf and the hybrid between these 
two genera 

gtuntmg 18 obtained by comparing the growth of Supmotte females 
from the pond under conflideratton with that of specimens of the same 
sex taken on June 8, 1886^ from the Hudson Biver at Kingston, for 
the vicinity of which g growing season of 160 days is mdioated by 
Mordoff Ten specimens from the pond had attained a mean 
gtandsrd length 69 (65^78> mm when Utken^ m their fourth sum** 
mer of hfe^ and thirteen fhim the Hudson Biyer had reached a mean 




Hybridization of Stunted Sunfishea 583 

size of 128 (121-141) mm at the same age Food and other growth 
conditions in the Hudson River at this location were excellent for 
sunfishes, barnng possible deterrent effects from pollution 

II GKOWTH RATE OP THE HYRRinS COMPARED WITH THAT OF 

THE PARENT SPEOlI-a 

Age determinations, tlie basis for growth-rate tomputations, were 
made by an examination of scales from all Hjictiinens of liybnds, 
Eupomoti^, and Hehoperca of both {ollections In addition to all 
Apomotts Hpecimens from C ollection 1, some of tlu larger ones from 
Collection 2 were employed in order to give a greater representation 
of females in the ir fifth summer of life and of males in their sixth 
summer 

The mean kagths (to base of caudal) of each species and hybrid 
combination, together with the size range and the number of speci- 
mens on whuh tlu means arc based, are listed in Table II Repeti- 
tion of the data for Apomolts cyanellus m this and succeeding tables 
facilitates a comparison of the hybrid combinations with their parent 
species 

Hubbs and Hubbs (1931, 1933) have indicated that hybnd sun- 
fishes have an increased rate of growth as compared with that of the 
parent species We find this condition to obtain for all age groups 
of the combination ApotnoHs X Eupomotta for which on adequate 
number of specimens is available In none of the combinations do we 
find mcreased growth of the hybnda so pronounced as that observed 
in the same hybrid combinations by the workers < ited Comparison 
of the rate of growth of the male Apomoha X Eupomatta hybrids m 
Figure IB with that of the males of each parent species shows a 
small but consistent accelerated growth of the hybnds Although 
the numbers of speriraena of the other hybnd combmations are not 
great enough to be considered dependable, the data for both the 
Biipomoha X Hdtoperca and the Apomotta X Hehoperca hybnds 
»e<(in to point to a growth rate which is more rapid than the mean 
growth rate of the parents The growth rate of the hybnds of these 
two c(mibmat}ons is indicated as being almost as rapid as that of the 
fasteivgrowing parent species It is highly probable that under con- 
ditbfis of marked stunting increased growth of hybnds m coh- 
BpiottodSly reduced^ perhaps because the effects of hetero*dH on growth 
are thereby mhibited 
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III 8fX RATIO ^ 

Ihe predoniinancp of males in hybrid sunfishes has Ytoon indu ated 
by Hubbs and Hubbs (1933, pp 626 631) Our Hpccimens shou that 
males outnumber the females in each of the three parent spec us 
(Table I), but that the sex ratio is subject to no such marked de\i- 
ation from an equal distribution as m the hybrids A comparison of 
the sex ratios based on our material with data on the same hybrid 
combinations from \anous localities by Hubbs and Hubbs is given 
in Table III In eac h hybrid combination our figures for Collection 
1 show a higher percentage of males, due, perhaps, to their abnor- 
mally high proportion on the spawning be ds 1 he sex ratios m (Col- 
lection 2 agree rather closely uifh those given by Hubbs and Hubbs 


TABLE III 

Sex Ratios of the Hybrids 


Hybrid 

Hubbij and Hubbs 

Collection 1 

Collection 2 

o' 

9 

%of 

o' 

9 

% of <T 

if 

9 

% of o' 

ApomotU X 
h upomotis 



95 

40 

1 

97 

70 

3 

96 

Apomotis X 
Helioperca 

47 

11 

81 

20 

0 

100 

13 

1 

93 

Eupomotis X 
Helioperca 

237 

59 

i 1! 
Il 

4 

0 

100 

4 

l 

SO 


IV IS HYBRIDIZATION JNDISCUIMINATL? 

In discussing whe ther or not hybndization is indisc nnunate among 
these spedes it is aasumed that the hybnds are stenle, a point held 
by Hubbs and Hubbs (1933) and supixirted by our matenal For 
computations we ust* the specimens taken m Collection 2 (Table 1) 
since, as explained on page 679, these alone may be considered a 
random sample of the population 

If hybnization among the species is indiscnmmate we may 
expect to find that the hybnda of each of two species with the third 
species occur in the same relative numbers as do the parents of the 

* Th» sex was cietermiiied by a gross examination of the gemads, in case 
of doubt the gland was teased out under the microscope 
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first two species For example, the ratio of the numbi r of individuals 

, L , Apomotts X Eupomoits i 

of the hybrids — — would be equal to the ratio 

Apomoits X Hehoperca 

Eupomotia 


of the individuals of 


» because the number of individuals of 


Hdtoperca 

Ap<motu which breed with the species of EupomottB and Hehoperca 
would be proportional to the a\ ailable number of individuals of those 
two genera If tw ice as many individuals of EupomoHe as of Hehoperca 


TABLE IV 

ExPSCrCD AND OSHfiEVUD NVMBKB OF HYBRIDS 


Hybrid combination 

Number of specimens 

One parent 

Other parent 

Expected 

Observed 

Apomotis 

EupomotU 

713 

73 

Hehoperca 

137 

14 

Eupotnotis 

Apomotis 

7# 7 

73 

Hehoperca 

23 

5 

Helioporca 

Apomotis 

16 7 

14 

EupomotU 

23 

5 


are present, we would expect twice as many hybrids of Apomotte 
X EupomottB as of Apomolu X Hdtoperco Now to determine the 
expected proportionate number of hybrids of each combination in 
the population, as sampled by Collection 2, wc may use the formula 

A K^Y 
B ** y * 

m which 

« 

A ■» observed immber of Bpecim«o« of apeclee a, 

B «■ obaerved nomb^ of ftpecimeae of upedee 6. ^ 

A' the sum of the obeenred number of hybrids of the two intenpeeifie 
oombinatfons ol a third epeeiee, e, with a and with h, * 

Y tw expected number of hybrids of the Interspeeifie eombinatton e X h, and 
Jt — F expected number of hybrids of the interspecifie combination e X e 

It la valid and dwrirable to em^oy this fifurs» since its use does not affect 
the proportion betwet^ the expected numbers of hybridsr but causea the sum 
of tM expected numbstu of aB hybrid oomblnatione to equal the sum of the ob- 
aerved vidus% thus allowing feady comparisoii. 
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The expected values obtained by the use of this formula agree so 
closely with the observed numbers (see Table IV) that it is safe to 
conclude that the number of hybrids produced at this locality is m 
direct proportion to the numbers of the parent species We may 
assume tliat the barrier to hybndization is neitlier a differential 
int onipatibiUty of the germ t ells in the three hybrid ( ombinations nor 
a differential choice of hebrogenttic matis 

V nirFfcKENTIAl (HARAnKKS OK IHE BPEC IKB AND HYBRIDS 

Thus far no mention has been made of the det( rmination of 
hybrids and parent species harher i^orkers have rtftrred to tin 
apparent mtermediati character of hybrids between the parent 
sficcies of Cent rare hidae, but no detailed statistical comparison of 
hybrid sunfishis with their paituii species has heretofore been pub- 
liahed 

A comparison of the three fonns and of the three hybrid combi- 
nations m regard to certain important differential (haraittrs is given 
m lable V In ApomoiUt Eupomidta, and the hybrid between tium 
the opercle \n ngid to its tip excluding, of course, the membranouH 
margin behind the posterior tip of the opercle In Heltoperca the tip 
of this bone is thm and flexible, and can be bent with very shght 
pressure of a dissecting needle In the hybrids Apomotts X Heh^ 
operca and Eupomoits X Heltoperca the opereJo is semiflexiblc, that 
18, much more resilient than in Eupomotta and Apomotia, but Jess so 
than in Helwperca 

In Apomotte the opercular membrane has a broad border which is 
pale pinkish or faintly salmon-colored, in Heltoperca the membrane 
IS black to the tip, in the hybrids between these two it has a narrow 
gray border Eupomaiu has an intense scarlet-red spot on the 
membrane, and the hybrids between this genus and Hekoperca have 
a smaller and more dilute spot of the same color on a dark membrane 
The Apomotte X Eupomotu hybnds are likewise intermediate be- 
tween their parent species, since they have a small and dilute 
soatiet-red spot on a ptde mar^^n The red color is lost during the 
preservation of the ftsh, but the pattern remains as varying inten- 
i^ties of dark and light pigmentation 

A pronounced black spot at the base of the posterior soft dorsal 
rays is oharaoteristic of Apomofts, but the spot in young specimens is 
occa^nally f4nt Neit W of the other species shows a black spot 



TABLE V 
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at thw identical position, and the hybnda involving Apomotu show 
it oitht r faintly or not at all This character may be of simpler 
genetic (omiKwition than most others are, since it appears to be 
partly recessive 

In Ilelioperca then is a prominent black spot upon the median 
rather than the basal part of the posterior soft dorsal rays, the pig- 
ment is present on the fin rays and on th< interradial membrane 
No definite spot occurs in this jKisition in Apomotia, or m Eupomotta 
or the hybrid Apomotia X Eupomotta, although m tlie last two nunu r- 
OU 8 small pigment spots are scattered over the soft dorsal In this 
character the hybnds Apornolta X Hehoperca and Eupomotta X Heh~ 
operca appear mtcmicdiate between their parents They have the 
dark pigment of the diffuse sj^ot on the interradial nu mbrane, but 
not on the fan rays 

The anal fin of ApomoHa invariably shows a broad light margin, 
which 18 never seen in this area in Eupotnolta, Heltopetca^ or their 
hybrid This margin is present but somewhat narrower in both 
hybnds involving Apornoiia, namely, Apomoha X Eupomotta and 
ApomoUa X Hehoperca If we ust this character alone it is possible 
to divide our specimens definitely into two groups the first contam- 
itig Apomoha and the two hybnds of which it is one parent, the 
second, Eupomotta, Hehoperca, and the hybnd combination Eupomotta 
X Hehoperca 

In Apcmf^ia the mouth is much larger than in the two other 
species Inversely, the pectoral fin is short m Apomoha and long in 
Eupomolia and Hehoperca Thest two characters are analysed 
statistically m Tables IX and X The pectoral fin, however, w a 
more diagnostic character than the length measurements alone m- 
dicate In Apomotu the fin is rounded distally, rather than being 
sharply pointed, as in Eupomotta, Hehoperca, and Eupomotta X Heh~ 
operca The fin is rather bluntly pointed m the hybrids Apomoha X 
Eupomotta and Apomoha X Hehoperca 

The fin spines are longest in Hehoperca and shortest in Apomoha 
The ratio of the length of Uie Iiighest anal spine wlien stepped with 
dividers into the head length (includmg opercular membrane) is 
given in Table V These measurements indicate that m this char- 
acter the hybnds are roughly intermediate between their respective 
parent species 

The length of the gill rakers furnishes one of the best diagnostic 
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characters Since the rakers of the antenor arch are relatively much 
longer m small specimens than in large ones, comparison should be 
made between fish of equal sise In specimens about 80 mm long 
the longest gill rakers of Apemotu, Hdioperca^ and Apomoixe X Hdv- 
aperca are about four fifths as long as the pupil, or longer In Eup(h 
motts they are only about one third as long as the pupil , in Apcmotia 
X Eupomotu and Eupomotis X Heltoperca, about one half to three 
fifths as long The hybnds appear to be entirely mtermediate be* 
tween the parents in each combination 

In Apomotts the palatine bones have a broad inferior surface 
which bears an elongate patch of many vilhform teeth In EupomotUp 
Heltoperca^ and Eupomotts X Heltoperca the inferior surface la merely 
a narrow bony ndge which is toothless or which bears one small tooth 
anteriorly The hybrids Apomotte X Heltoperca and Apomotu X 
Eupomotta have a narrow inferior surface which bears a small patch 
of vUliform teeth anteriorly 

The pharyngeal arches and teeth afe adequately treated in 
Table V, the hybnds of each combination are intermediate between 
tbeir parent species 

By means of the combination of the various characters discussed 
above, we were able to identify all specimens with confidence The 
smallest ones, over 30 mm in standard length, bad developed suffi* 
ciently to permit accurate detenmnations 

Certain additional characters have been selected for ontioal 
study m order to obtain a mathematical oompanson of the species 
and their hybnds These are listed below 

C<nmt$ 

Donal and anal fin spinet 

Dorsal and anal fin branohed rays (posiericr ray always oonsidared double 
at the base) 

t*ectonii fin rays (all rudiments included) 

Cheek sealee (number of rows counted from eye to posteroventral angle of 
preoperde) 

laWd line eoales (trapsveTes scale rows on body to bKIfe of eaudd rays) 
Meoaurementt 

Standard length (tip of snout to base of caudal rays) 

Pectoral fin length (base of dorsal side of fin to tip of longest ray) 

Upper law length (Up ol snout to posterior Up of maidlWy) 

Measurements, tak^ with dividers an4 to the nearest tenth 
of a mUliinieter, are reduced to thousandths of the standard length 



TABLE VI 

!■ Fd» Comm m tbm ^tcaa urn Tama Hnaae 
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OountB and measurements were made of all speeimena of each spetit s 
except Apomotts cyanellus and of eath hybrid For this species 
counts were taken of 150 Hpecnntns, and mcasuiamentH of 328, in- 
cluding all available examples falling in the larger size grou|ia The 
counts for the sexes were combined, smce they showed no difference 
A consideratjon of the freqm nc y < ounts and the arithmetic mean 
values in Table VI indicates that tlu re is no very sigmfic ant variation 
in any form from the modal numlx'r of ten dorsal spines 

In dorsal soft ray count a slight but significant difference is noted 
between the species The hybrid Apomotis X EupomoHa is inter- 
mediate between its pare nt species, but the mean ts somewhat closer 
to that of Apomotta than to that of EupomoHa, snue the difference 
is 0 15 ray rather than 0 39 In this feature EupomoHa X Hehoperca 
hybrids are perfectly intermediate b< tween their parent species 
ApomoHa X Hehoperm hyhnds ha\e a mean 0 02 ray greater than 

TABLE VII 

T Dibthibdtiok of tub CJounts or Pbctobal Fin Rays and 
Chxsk Scaucb in tub Spbcubs and Thbik Hybiudb 


Figure® in parentheses are the numlier of counts on which i^ach 

mean is baaed 


Species or 


Pectoral rays 



Cheek scales 



hybrid 

12 

13 

14 

15 

Mean 

3 

n 

m 

6 

7 

8 

9 

Mean 

Apomotis 

■ 

65 

m 

9 

13 81 




8 

Bi 

61 

1 

7 87 

cyandlus 

H 


WM 


(300) 


■IH 

■ 





(IftO) 

Apomotia X 

■ 

59 

162 

6 

13 77 


■ 

21 

m 

7 



588 

Eupomotis 





(227) 




H 




<1H> 

Eupomotis 

n 

243 

J6 


1301 

4 

126 

6 





4 01 

gibbosus 





(2S0) 




Hill 




(ISA) 

Eupomotis X 



11 


13 61 


6 

3 





4 83 

Heliopsrca 


j^HlH 



(18) 




/ 




(« 

Hehoperca 


151 

39 




18 

78 

4 




491 

macroebira 





(190) 






, 


(98) 

Apomotis X 


1 

63 

4 

14 04 




26 

7 



618 

Hdioperea 





(88) 








(84) 

Apomotis 


66 

226 

9 

1381 



■ 

8 


61 

1 

7 87 

cyansUus 





(800) 





L 



(180) 
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Hehoperca and 0 75 greater than Apornotis This seenw to suggest 
a complete dominance of the Hehoperca parentage in this character^ 
Mince there is no significant difference between the means for this 
sjK < les and the hybrid 

The number of anal spines is very constant, at 3, only one variant, 
with 4 spmw, occurs m 537 siiecunens 

The differc nees in the numbe r of anal soft rays between the species 
are more marked than those of any of the other fin elements The 



4 5 « 7 e 9 10 

NUMBCR or CHECK SCALES 


Fia 3 Percentage frequencies of cheek-scale counts in Apomoiw, Hehopereaf 
and the hybrid combination AponwHa X Helurperca 

hybrids Apomoha X EupcmoltB have a mean value 0 32 greater than 
that for Apomofta but 0 54 less than that for EnpomAxa EupomtAxa 
X Hehoperca hybrids have a mean 0 53 greater than j^upomo^ta and 
0 62 less than Hehoperca Apomolte X Hehoperca hybrids have a 
mean 1 06 greater than Apom^te and 0 93 less than Hehoperca In 
these last two combinations the hybnds are almost uniformly mter* 
mediate between the parent species, but the Apomohs influence seems 
to be greater than that of EupomoHe in their mutual bybnd 

In all three hybrid combinations the pectoral ray count is higher 
than the mean of the counts for the parent species (Table VII) In 
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Apomotts X Hehoperca and Eupomotte X Heltoperca the means are 
significantly higher than in either of the parent species The hybrid 
Apomotis X EupomoHa has a mean 0 76 greater than Eupomoixa and 
0 04 lower than Aprnncita This consistently mcreased number of 
pectoral rays is possibly related to the higher metabohc rate of the 
hybrids^ which is indicated by the mcreased growth^ more brilliant 
colorS; and more pugnacious behavior of hybrid sunfishea as compared 
with the parent species 

too 

A 

f 1 



’'23458769 10 

NUMBER or CHECK SCALES 

Fia 3 Percentage frequencies of cheek-ecale counts in AponusiUt 
and the hybrid combination AponujiUa X Eupontotu 

The sise of the cheek scales is one of the beet rntena for c<»npadng 
the hybnds and the parent s$>eeies As will be seen from Figure 2 
and Table Vll, the hybrid Apimotu X Hdutperca is almost exactly 
intermediate between the parent species in the number of cheek scales. 
ApomoHa X SupomoUa hybnds (fl|f 3) approac}\ Apcmotu slightly 
mme tlum EupamoHe^ since the respective diftermoes of the means 
are 1 49 and 1 87 The «nail available number of BvpcftuAtt X Hatt* 
operAa hybrids is insuHeient to enable us to obtain a satisfactory 
but the one ohteined is closer to that of BupamoUi than to 
Uiat of Hdtoperea 

^ The counts of the scalee in the lateral line (Table VIIl) give 
shits comparable to those of the cheek scales l!heAp»mite 
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perca hybrids (Fig 4) have a mean 2 10 scales lower than the 
Apomotia and 2 19 higher than ilie Hehoperca Tho Apomotta X Eupo~ 
motta hybrids (Fig 6) are not so exaetly intermediate with respect to 
the parent species, since they ha\ e a mean 3 66 scales higher than 
Evpomaita and 3 34 lower than A pomoita The nine specimens of 
Eupomotia X Heltoperca have a mean value 0 99 scale lower than 
the Hehoperca and 1 72 si ales higher than the Eupomotia 


TABLE VIII 


FaSgUBNCY OltiVTHIBUTION OF 1 ATSRAL I INB-ScAL* CoUNTS IN THE 

Species and Their Hybrids 

Figures m {tarentheBee are the number of counts on whn h uu h 

mean is based 


Bpeciei or 








lAiteral Une scalea 




■^jsr 


hybrid 

30 

37 



40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

1 

51 

52 

53 

Mean 

Apomotia cyanellus 


1 

1 

1 




1 

4 

18 

19 

24 

34 

24 

22 

7 

1 

1 

47 84 
(IW) 

Apomotifl X 
Eupomotia 


1 


2 

3 

7 

10 

9 

21 

27 

14 

12 

7 

2 





44 60 
(lU) 

Eupomotia gibboaua 

2 


. 

8 

17 

21 

35 


7 

I 

1 

2 

2 







40 84 

(IM> 

Eupomotia X 
Hohoperoa 




1 

1 

1 

1 

1 

I 

2 

1 

1 







42 56 
(») 

Heltoperca 

macroohtra 



1 

*8 

3 

1 

14 

14 

21 

14 

10 

4 

2 






43 55 

tW) 

Apoipaotia X 
HidtoperCa 



1 

1 

1 

1 

1 

2 

4 

I 

1 

1 

2 

I 


2 



46 74 
(34) 

Apomotis cyauallue 


L_ 

1 

1 

1 

1 


1 

4 

13 



I 



1 

1 

1 

47 84 
(160) 


4p^'fnah$ htm a muih larger mouth than have Eupomotia and 
ItdiopercA Sinoe female sunfiahea of these species were found to 
have smaller mouths than the males, and since the bybnds are prfr* 
don^oautl^ males* the sexes are considered separately The sue of 
the DEt<mth increases with age, so that we have separated the 6sh 
into else groups The mean lengths of the upper jaw, ex- 

pmmtsi m thoosandths of the standard length, together with the 
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range of variation and the numbers of specimens on whu h the means 
are based, arc given in Table IX for the species and the hybrids 
A companson of the hybrids with their parent species of the 
same size group indicates that the hybrids arc approximately inter- 
mediate between the parents, with the exception of irregulantiea^due 
30 


> 25 
O 

z 

Ul 

3 

<y 20 
Li 

a. 

L. 

I S 

Li 

O 

< 

H 

* to 

u 

O 

a 

Li 

5 


/ 

Jt 49 41 49 43 44 4ft 4t 4T 41 49 50 SI 13 53 34 

Kl u M B t R or LATCRAL tINC SCALES 

Fia 4 Percentage frequencies of lateral hne-ecale counte in A pomotu^ Helu>p 0 rcat 
and the ^brid combination dpomohn X Heltoperoa 

to an uiadequate number of specimens Obviously, the means based 
on the few female hybrids are of shght value total figures as 
{^ven m Table IX are to be partly discounted because of the unequal 
distribution of specimens by size groups for the different species and 
hybrids In all three species and in the hybrids the males have 
larger mouths than the females (TaUe IX) The difference is slight 
ux Behopercaf but pronounced m Apamotte and Eupamotta In the 
smaHer size groups, which are composed largely of immature fish, 
the diffmdce is not so great as in the larger «ize groups^ consistmg 
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of mature fiwh There ih a relative increase m the size of the mouth 
with age, most pronoumed in Apomoiis and slight in Heltoperca 
Apomotis X Eupotnohs and Aponiohs X Heltoperca show a definite 
increase in size of mouth throughout life 1 he evidence, though not 
conclusive, indicates an in< rease in size of mouth in EupomoHs until 
a length of about 80 mm is rea( lu d, and subsequently a decrease in 
proportion to the standard length 



The relative length of the pectoral fin (Table X) is treated in the 
same manner as the length of the upper jaw Except in size groups 
represented by an inadequate number of specimens, the mean pec- 
toral length of the hybrid Apomoita X Eupomotta is approximately 
intermediate between Apor^ta and Eupomoita In the hybrid 
Eupomotts X Heltoperca the pectoral length averages somewhat 
l(mgor than in the parent species of the same size, but so few speci- 
mens are available that the increased length indicated may very 
probably be the result of an inadequate sample The mean values 
for Apomoita X Hehoperea are much closer to those for Apotnoita 
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than to those for Hehoperca This seems to siigge^^t a partial domi- 
nance of the short pectoral fin of ApomoitB over the long fin of 
Hehoperca 

In all three species and all three hybnds the males have slightly 
longer pectoral fins than the females In Eupoinotte the proportion- 
ate length of the pectoral fin increases until a length of about 70 mm 
is attained and then becomes shorter In Hehoperca the length of the 
fin hn reases proportionately until a wae of about 90 mm is reached^ 
after which a slight decrease is indicated In Apomotie the relative 
length of the pectoral seems to remain constant until a size of about 
80 mm 18 attained, after which a slight decrease is noted In Apo- 
motis X Eupomotta there seems to be no very great change during 
life, but in Apomoiia X Hehoperca the proportionate pectoral length 
increases gradually until tlie largest sizes are attained 

In order to enable us to secure a more concise comparison of the 
lengths of the upper jaw and of the pectoral fin in the hybnds and 
their parent species, the following method, developed by Dr Ralph 
Hilc, has been placed at our disposal It involves comparison of 
two populations of the same sex and size group, and weights the 
significance of the mean difference observed according to the size of 
the product of the numbers of specimens used m dctermmmg the 
two mean values The example given below, which compares males 
of Eupomotta X Hehoperca with males of Hehoperca m length of 
pectoral fin (data from Table X), will serve to iltustrate the method 
of computation 


group 

Product <4 

Xhfference m 

Product <4 difference fn 

numttfrt o/ 

mean lengtha 

lengtKa of pectoral X product of 

*?* iHTn 


(4 pectoral 

numbera of apecimena 

60 0-090 

7 

— 4 

- 28 

700-79 9 

30 

— a 

*240 

8d 0-899 

21 

4- 1 

“4 21 

900-099 

2 

60 

- 12 

- 24 
-271 


The average difference, 271/60 - — 5, indicates that in the avails 
able matenal the Eupomoha X Hehoperca hybrid* have pectoral fins 
averaging five thousandths of the standard length longer than do 
the specimens of Hehoperca 

llie average differences for both upper jaw and pectoral fin 
lengths are given m Table XI In the companspn 6f the speckis 
with one another the average difference betweeii the moles any 
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TABLE XI 

Avvbaqk DirrSRBNCBs bbtwbbn Fwh of thb Same Sits Group in Lenoth 
OF Upper Jaw and op Pectoral Fin, Fxprbssbo in Thousandtrs of 
THE Standard Ijonotr 

The sign mdicatee the direction of change from the first to the eecond form 
compared i e a ptua aign ( + ) preceding a figure indicatee that the second named 
form bae a greater average measurement tlian the first, a minus sign ( — ) preceding 
a figure indicates that the first named form has a greater average measurement 
than the second 




Average difference 


Popidations compared 

I'pper jaw length 

Pectoral fin length 


o' 

9 

cy' 

9 

Apomotifl Eupomotis 

Apomotis Helioperca 

- 44 

- 43 

4* 62 

+ 62 

- 48 

- 37 

4- 66 

+ 83 

KupomotU HeUoperca 

~ 4 

+ 2 

4- T 

+ 8 

A]Mmotia Apomotls X 
Eupomotis 

- 20 

- 22 

•f 30 

+ 20 

Apomoits X Eupomotis 
Eupomotis 

- 21 

- 21 

+ 26 

+ 88 

Apomotb Apomotis X 
Hdloperca 

- 25 

- 31* 

+ 23 

+ 7 * 

ApomoUa x Helioperca 
Helioperca 

- 20 

- 18* 

+ 37 

+ 69* 

Eupomotis Eupomotis X 





HeUoperoa 

0 

» 7* 


+ 16* 

Bpponiotifl X Heiioperca 
Helioperca 

- 5 

+ 9* 


- 7* 


* Baaed on a suigle hybrid speciinen 


two fipecies closely approximates the difference between females of 
the same two «^)ecies The discrepancy m the length of the upper 
jaw between Apomotts and Heltoperca and between EupomoUe and 
Heltpperca is caused by the marked sexual dimorphism m the sise 
of tbo mouth m ApomoUe and Eupomotts and by the slight dimor- 
phiw in ffehoperca* The comparison of the genera shows that 
Apomatxe has a much larger mouth and a shorter pectoral fin than do 
SupmoUe imd Hekoperca la males the mouth averages slightly 
IWfSP in SupometM than in Hehopercat but in females is larger m 
SpOftoierw of Heltoperca have slightly longer pectowd 
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fins than thosf' of Bupomolis Too few female hybrids are available 
to enable m to obtain reliable average differences, but calculations 
on them are included for the sake of completeness In males the 
differences between Apamotu X Eupamotia and each of its parent 
species m the length both of upper jaw and of pectoral fin are almost 
the same These hybnds are approximately intermediate between 
the parent species, as arc the Apomotts X Hdtoperca hybnds in 
respect to upper jaw length As mentioned above, Apomotta X 
Hehaperca is much closer to Apomotta than to Hdtoperca in length 
of pectoral, since the average differences are 23 and 37 respectively 
The eight male Eupomoiie X Hehaperca hybnds are closest to 
Eupomoha in upper jaw length, but have longer pectoral fins than 
does either of the parent species 

Most characters of speaes of fishes are probably of multiple 
allelomorphic or blending rather than simple Mendelian inhentance 
It is to be expected, then, that hybrids should be almost perfectly 
intermediate between their parent species m most if not all of their 
characters It has been indicated that this condition holds for 
most of the characters here studied The hybnds have been com- 
{lared with the parent species m sixteen differentiating characters 
In most of these characters the hybnds have proved to be approxi- 
mately intermediate between the parent species The basal spot in 
the soft dorsal fin of Apomotta gives the appearance of being nearly 
recessive since it is almost completely absent in the hybnd combina- 
tions of which it IS one parent The short pectoral fin length of 
Apomohs X Hdtoperca hybrids is interpreted as due to a partial 
dominance of the Apomotta character The number of soft dorsal 
rays of Apomotta X Hehaperca corresponds to that of Hdtopercaf 
and seems to mdicate simple dominance of this character of Heho^ 
perca m the cross with Apomotta Apomotta X Eupomoha hybnds 
approach Apomotta more closely than they do Eupomotta m both 
anal and soft dorsal ray counts An increased mean number of 
pectoral rays m all three hybnd combinations tentatively attrib- 
uted to an increased metabolic activity and rate of develoimient 

atlMlUEY 

1 Three hitherto unrecorded hybnd combinations are SupompHa 
maerolophtta X JEdtoperca tnacrochtraf Hehaperca macrochira X Lep<^ 
mis ounfifs, and Pomona anmlaru X P aparotdee, 
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2 A New York pond is abundantly populated by stunted sun- 
fUheH of three species, Apomotia cyarwUus, Euponwtts gtbbosua, Ilelto^ 
perca macrochtra, and by lh< time jMissible hybrid combinations 

3 Intense t roudmg and ( ornfK tition for nest sites on the limited 
spawning area in this fmnd apiwar to lx nsponjsible for th( large 
production of hybrids, wliuh lonstitub 117 per cent of a large 
sample 

4 Adverst environnuntal fonditions were responsible for a re- 
tarded ratt of growth and for certain morphological modifications 

5 fhe phenomenon of mertased growth m hybrid sunfishcs is 
maintained under conditions of stunting, but is not so pronouiued 
as m populations which may bo considered normal 

6 lhat a predoimnance of males exists in hybrid suMfishes is 
further evidenced by the high inretritagc of males (80 to 96 per 
cent) in the sample studied 

7 Hybridization was indwcrirranate among these specie s, there- 
fore the barrier to hybridization was neither a differential uuom 
patibihty of the genn cells in the three hybnd combinations nor a 
differential choice of boterogt netn mates 

8 In most eharactc rs the hybrids arc intermediate between their 
parent species 

9 The number of soft dorsal rays in the hybnd Apomoiis X 
Helioperca indicates simple dominance of the Heltoperca character in 
the cross with Apomotts Ihe basal spot in the soft dorsal of Apo- 
wwfes IS a partly recessive character The short pectoral fin of Apo- 
motw X Heltoperca hybnds is probably due to a partial donunance 
of the Apomoiia character 

10 An increased number of pectoral lays in the three hybnd 
combinationa may bo due to hybnd vigor 

Vmyzn»vrr or Micbjoan 


UTERATURB CITED 

BaamiB, C M , Ja 1936 The Reproductive Habits of the North Amenoaa 
Sunfishes (Family Centrarchidae) Zoologica, 21 1 48, pl« 1-6, fig* 
l--6< 

OaaaLSTi J R. 1934. Fiahes of the Raquette Watershed with Annotated 
Ltet /n A Biological Survey of the Raquette Watershed. State of 
N Y , Oona Dept (t983)» 8 83-108 



606 Batley and Lagkr 

Grbiudt, J a, 1980 Fishen of the Area with Aimotated Ust In A Biolog 
icftl Survey of the DeUw&re end Suequehanna Waterehede State of 
N Y , Cons Dept (1930), 10 46-88 

— — ANO Bmbop, 8 C 1933 Fiahes of the Upper Hudaon Waterabed with 
Annotate list In A Biological Survey ^ the Upper Hudaon Water- 
shed State (rf N \ , Cons Dept (1932), 7 64-101 

Hildkbiunp, Samokl F , and Towcitft, Ievino L 1928 Annotated List of 
hUhes Collected m the Vicinity of Greenwood, Miss , with Deecriptions 
of Tliree New Speaes Boll U S Bur Lisb, 43(1927) 106^136, 
figs 1-^ 

Hobbs, Cabl L 1920 Notes on Hybrid Sunfishes Aquatic Life, 5 101-103 

— 1926 A Chech I ist of the Fishes of the Great I^es and Tributary Waters, 

with Nomenclatorial Notes and Analytical Keys Misc Publ Mus 
Zool , Univ Mich , 16 1-77, pis 1-4 

1927 The K^ted Effects of a Parasite on a Fish Joum Parasitol , 

14 75-84, 1 6g 

— AND CoopKR, Obeald P 1935 Age and Growth of the Long-E^ed and 
Green SunOshes in Michigan Pap Mich Acad Sci , Arts, and Letters, 
20 (1034) 669-696, pis 1Q4-108, figs 67-60, maps 40-47 

— AND Hobbs, Lauea C 1931 Increased Growth m Hybrid Sunfishes 

/6uf., 13(1930) 291-301, figs, 4fi-46 

1932 Experimental Verification of Natural Hybridisation between 

Distinct Genera of Sunfishes Ihtd , 16(1931) 427-437 

1933 The Increased Growth, Predominant Maleness, and Apparent 

Infertility of Hybrid dtmfiahea. /hid , 17 (198Q) 618^1, pis 64-66, 
figs 69-71 

AND GBTBNBumoBE, A I 1029a FuTtbcT Notes on the Fishea of Okla- 
homa with Desoriptioas of New %ieeles of Cyprmidae Publ Univ 
OUa,, Biol Surv , 1 17-48, pla. 1-6 

19296 Fishes C3ollected in Oklahoma and Arkansas in 1927 Ihtd , 

1 67-112, ids. 6-13 

MoAtbk, W L k AND WjuiD, A C 1916 First I^ist of the Fishes of the Vldn^ 
Hy of PhitnsneiB Island, Maryland IVoo fiioL Soo. Wash.i 28 1<-14* 

MoEDorr, R A, 1984 The Climate of New York State CoracU Uxuy Agnc 
£x^ 6ta., BttB 444, pp 1-99, figs. 1-64. 

O'IXiNNSLL, D John 1986 Annotated list of the Fishes of lltineis. Btdl 
Bl Nat Hist 8^ , 20 473-6^ 

OaBpEN, Raymond C, Wi(nu4Py, B^waed L, and T«aptman, Mii/ton B 
1980. A Revised List of the Fishes of Ohio Ohio /oum 8oi , 80 
169-m 

Radcuppd, Lawie 1911 A Hybrid Centrarohid Oopeia, 7 2»4 

TnouncN, 0 AV 1 D H,. 1986 Hybridlutioff and Badal Piffereotiatton among 
IffinoisFWSeit Bi^ Itt. Nat Snnr, 2Qtl9!hm 



CONTRIBUTIONS TO TEXAN HERPETOLOGY 

VI NARROW-MOUTHED FROGLIKE TOADS 
(MICROHYLA AND HYPOPACHUS) 

CHARLES E BURT 

T hree species of narmi^ -mouthtKi froglike toads occur m Texas 
The two forms now referred to the genus Mtcrohyla wew* 
formerly called Gastrophryne Diagnosis is largely by the contrasts 
oited in the following key 

KtY 

I A poorly developed palmar tubercle at the base of the firet toe of the 
hind footi palmar tubercle at the base nf the Sfth toe of hind foot tx 
tremely rudimentary or abi«ent, no light vertebral atnpe 2 

t Well-developed palmar tubercles at the base of the first and fifth toes of 
the hind foot, a narrow light vertebral stripe or lino sometimes preeent, 
southern Texas Hyp&pochwi Cope 

2 Upper surface light greenish or gray, usually without dark blotches or 
Other markings, Texas, except extreme eastern part 

Microhyla olmcm (Hallowell) 

2 Uppar mirfiutie darker, often chocolate-colored or tan, usually blotched or 
wiUi other dark markings, extreme eastern Texas 

Mtcrohyla caroknentti (Holbrook) 

Mtcrohyla carohnenm (Holbrook) 

Hi* eaertern narrow-inouthod toad inhabits extreme eaotem 
TexfiA, where it occurs m territory adjacent to that occupied by il» 
very close western relative olivaceaf with which it may Tsi found to 
intergrade Specimens have been secured one mile south of Mgud, 
Bowifi County (C E Burt, May 2, 1031), at Pans, Lamgr Coi|nty 
(JuUua Hurter, ^nl 21, 1895), and at Tenaha, Shelby County 
(Burt, 4uly 21, 1936) 

Microhyla ohmea (Hallowell) 

oUvaoeum Ballowell. 1357, p 262 (type locality, Katisas and Ne* 

brijg|fa) 

ttnoM CHnnl, VIW, p. IW (typ« lo«ftUty, Rio Seooi Totaa) 

Wt 
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Engystoma areolata fetrecker, 1909, p 118 (type locality, OuadalufHi lUvor 

bottom, Victona, Victoria County, fexae) 

Gaetrophryne texenms Stejncger and Barbour, 1933, p 43 
Gaatrophryne areolata Stejoeger and Barbour, 1933, p 43 
Gaatrophryne olivaoea Smith, 1934, p 501 
Microhyls ohvacea Parker, 1934, pp 148, 301 

The detennination of the status of OuMrophryne areolata has 
been a herpetological problem for sonu time, m an effort to reach 
a better understanding of the matter I have cxamiiUHi and com- 
pared many specimens of Mtcrohyla Ah a result of tht study I am 
convinced not only that areolata should l>e placed in the synonymy 
of oltmcea, but also that the differences between caroltnenm and 
ohvacea are not always clearly marked m the area where their 
ranges meet 

As a taxonomie denvatn e, areolata has never had a range apart 
from that of typical ohvacea^ both extremes appearing in a largt' 
senes of narrow-mouthed toads collected near Victoria by I D 
Mitchell, in which a morphological gradient exist*^ in the dorsal 
arcolation and granulation The type 8|:>eciinen of areolata shows a 
number of small elevations or tubercles and a weak and inconspicu- 
ous sutunng or arcxilation of the skin of the back These same 
general markings were observed far from the type locality of areolata, 
on living specimens of ohvacea, in Dallas County on May 22, 1936 
It may or may not be significant that the specimens of Microhyla 
with conspicuous dorsal tubercles of the areolata type are usually 
collected m the winter and spring months in which the breeding 
or the prebreeding season occurs, whereas the ohvacea type la com- 
mon in all months Perhajys an increased roughness of the back of 
areolata is correlated with the progress of the annual sexual cycle m 
one of the sexes 

The »km of the somewhat softened type specimens of 
in the United States National Museum is by no means perfectly 
smooth, since patches of poorly developed granul^ions and tubercles 
are discernible on the back In summation, it may be stated that 
since the areolation, pustulation, width of body, and dorsal coloration 
of the skin of M%crohyla vary widely in the senes of spescimens ex- 
amined (mcluding many eastern examples of carattnensnt), areolata 
(a» a species) appears to be indefinable and therefore inseparable 
from the gener^ population of texerms (•* ohvacea) ^ which it was 
onginiUy Mi to ^'resemble m sUe and in the shortness of the hind 
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limbH ” Sot Smith (1933) for a not< on the Hynonomy of iexeneta 
with the prtviouHly dehcnlwd ohvcuea 

During the ptriod of tlu ytar not concerned with breeding 
oltvacea may be found in the caKttrn part of it« area m Ttxas under 
the bark of fallen logs or under tin logs themhelveis, m th( same 
general type of habitat ah caroltnenmHf hut in the typual part of 
itrt rang* in central and western T(xa.s it usually rests under rocks, 
often away from woods or at their ttlgt An individual discovered 
in Erath County on March 17, 1934 was at tin bottom of a tunnel 
under a rock The burrow was very narrow and extended down- 
ward to a depth of almut six indus 

On May 22, 1931, individuals were singing near Dalhis Here 
ohvacea made a goathke note as if clung to grass and wetd stems 
at the point wlun they rose above the water of a small meadow 
pool Upon slight disturbances tlust toads draw their snouts below 
the surface of the water and then due to a new position, so that 
their capture is difficult 

1 have examined the following s|>ennenH uu hiding the two co- 
types of iexemis (U 8 N M No 2644) and the tyjie of areolaia 
(U S N M No 18999) 


County 

Loenhiy 

Date 

CoUeplor 

Bastrop 

fi mi IS W McDade 

June 5, 1935 

C P Burt 

Cameron 

Brownsville 


H D Camp 

Coleman 

2 mi W Santa Anna 

Sept 4, 1935 

Burt 

Comal 

3 mi 8W New Braunfels 

April 2 1931 

Burt 

Dallas 

2 mi S Dallas 

May 22, 1931 

Burt 

Duval 

San Diego 


W Taylor 

Erath 

3im NE Dublin 

March 17, 1934 

Burt 

Ooliad 

6 mi NF Fannin 

April 5, 1931 

Burt 

Hidalgo 

McAllen 

June, 1916 

D D Streeter 

Mcbettnan 

Waco 

April 22, 1910 

J Hurtcr 

Medina 


June 3, 1909 

J D Mitchell 

Bobnlaoti 

4 mi SW Hearue 

June 4, 1935 

Burt 

Tom Qreen 

South Concho River, 10 
mi S San Angelo 

April 25, 1931 

Burt 

VieipHa 

Quadalupe River bottom, 
near Victoria 

Jan , 1909 

MitcheU 


Hypopachus cuneus Cope 

Although HypcpachuB cuneua resembles Texan Microkyla m ap- 
pearancOf direct companions of the two forms are very rare m the 
iitcrattirek Both specimens of H cuneua at hand are 36 mm in body 
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dio 

length, exactly the same aa the toad from Lamar County that 
la identified and listed above as Mtcrohyla caroltnenm The ratio 
of hind-leg length to body length of the two sperunens of H cwnm 
ranges from 1 08 to 1 14 , whereas in Mtcrohyla a range of from 1 07 
to 1 14 Is obtained for three examples of ohtfocea from Victoria 
County Therefore, a distinction cannot be cited in relative leg 
length In one type apeoimen of H cutmta the back is roughened 
and much hke that described for M aredaia, whereas in the other 
typ^ specimen the back is smoother, thus approaching the more 
“ typical/' smooth-backed examples of M dtvacea and Af carohnm- 
sis, so that there may be a parallel development u) the tubereula- 
tion and the areolation of the back m the two genera — and this 
may be correlated with the sexual cycle as suggested above in the 
diScUflSion of M ckvacea 

The specimens of U cuneua m the United States National Mu- 
seum are from Brownsville, Cameron County (R D Camp), and 
San Diego, Duval County (Wilham Taylor, a cotype) 

SoTTTHWBSTIlitN CoLLSOB 

WtKriBU), Kansas 
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FURTHER STUDIES OF PERCH 
POPULATIONS • 

R WnilAM E8CHMLYWI 
INTRODUCI ION 

A GROUP of lakes m tbt Pigeon River State lomt, in Otsego 
and Cheboygan countioe, Michigan, m being insed by the 
Institute for Fisheries Research for experimental studies in fish 
management These small lakes, tlurtoen in number, am located on 
state-owned land Certain of them are remarkably similar m their 
general characteristics At the time of the Institute's original survey 
of these lakes in 1931 and 1932 they were found to contain a very 
limited fish fauna They were little frequented and resembled virgin 
waters more nearly than any other group of lakes m the Lower 
Penmsula 

After the preliminary biological, physual, and chemical survey of 
these waters m 1931 and 1932 a number of ex|)enmental studies in- 
volving environmental changes and alterations in the fish fauna were 
made, particularly on a group of eight small lakes which are known 
locally as “pothole" lakes and which fit almost perfectly the descrip- 
tion of pit lakes as given by Scott (1921) These eight lakes at! have 
thermal stratification, all have high, steep, sandy banks, all but one 
are almost perfectly circular m outline, and all but one are htnd- 
ioeked 

lA four of tlie lakes the survey party found only perch (exoept 
that one also yielded a few common suckers) Two of the others 
Apparency contamed only brook trout and minnows In the other 
tviroAtily forage fish were found The trout taken from the two lakes 
Were of umform sme and, according to Mr William Horseil, superin- 
tendent the forest, had been introduced m 1927 The four lakes 
ooi^dtpi^ng perch provided little or no fishing because the perch 
H^wrently were too small to be worth catching, the two lakes with 

* Ootitrilmtloii from the Institute for Fisheries Research of Uie Michigan 
I^aHmsat of Ciuiservata and the University of Michigan 
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no gauii fifth were obviously not fished, the two lakes that had been 
stocked with trout provided excellent fishing 

As a result of the findings of the survey party it was recommended 
that all eight lakes be stocked with brook trout The recommenda- 
tions were earned out in 1933 and 1934 It was found later that four 
lakes prov ided some good trout catches, but that the four lakes which 
contained {leroh still failed to product worth-while fishing Several 
of these lakes were fished with gill nets to determine the success of 
the stocking with trout Appanntly few trout had survived m the 
lakes which contained pcrih and those which hml survived had 
grown very slowly 

As a further attempt to improve the fishing m the '‘perrh*' lakes 
several environmental t hanges were considered (1 ) iiu rease of the 
food by fertilising, (2) removal of a considerable portion of the pen h 
population, and (3) comphk removal of the perrh followed by 
stocking with somt other species If lack of food alone hmited the 
growth, fertilisation might be expected to mi re use the number of 
fish of legal size, if uther lonipetition or scarcity of food or crowd- 
ing was responsible, fishing should be improved by removal of a 
large percentage of the stock 

One of the lakes was firtihzed with several hundred pounds of 
phosphate fertilizer Tht fish in the other three lakes were killed 
by poisoning (coupled with dynamiting in two of them), and the lakes 
were later stocked with other species For methods employed my 
earher paper (1937) may l>e consulted 1 hw paper is confined chiefly 
to a study of the fish which were collected m three of the lakes after 
the poisoning 

Some characteristics of one of those populations (that from South 
Twm Lake) have already been di'scnbed (Lschmeyer, 1937) It was 
found that in this lake perch grew very slowly and were in very poor 
condition The females grew more rapidly than the males and lived 
longer Moles, however, were the more numerous Over three 
fourths of the fish belonged to a single age group (11 group) The 
evidenee suggested further that most of the perch normally died of 
starvatiem before reaching legal size 

The discussion which follows includes primanly a consideration of 
some of the characteristics of tlie recently studied perch populaUona 
(from Ford Lake and Section Four Lake), tc^ther with a comparison 
of those populations with the South Twin Lake fish The collections 
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Studies of Perch Populations 

of all three groufw of fish wtro math in lakes m tlu sarm general 
\uimty and at the same time of vtar (in t onset \iti\e y< ars) The 
methods used in killing uiul tolhtting the hsh wt n tht same for eaeli 
lakt except that dynamite was iioi used in Htttion Four Lakt 

IHL tORD LAKE HSH POPT I A TION 

Ford Lakt Ins in Section 8, rownslup32 North, Range 1 Wtst, m 
the northeastern tome r t)f Otsego (’ounty A survey of the lake in 
1932 by the Institute reveiltd an ana of 117 at res (4 73 het tares) 
and a maximum depth of 10 meters In summer the w ater is definitely 
stratified, with the tIurmocIuK hotwetn flu dt pth of 5 meters and 
the bottom Ihe bottom sinl m shoal is varied (sand in some amvs, 
marl or peat in others) and in chtptr water is entirely peat The 
water is moderately dear (Sttthi disk reading 5 5 imtirs) and is 
alkaline (pH 8 2) Dissoh<d oxygen was piestnt at all depths (9 4 
ppm at surface, Sb ppm at bottom t>n August 1, 1932) This 
landlocked lake is in sandy (ounfry covtred by “ second-growth^' 
timber The drainage area is small 

In September, 1936, the watc i h vi 1 was considerably lower than at 
the tune of the 1932 survey FIm lake was resurveyed by Mr J B 
Schwerdt, project superintendent of Camp Vanderbilt (U S Parka 
Service), and the arc a was ch tf rmiiu d aa 1 0 66 acres T his determi- 
nation us used l^elow in the discussions of population density 

The yellow perch was the only species of fish taken in gill-net and 
Stine collections made in Ford Lakt by the survey party m 1932 
These perch were mostly small If fish other than jx rch w( re present, 
they were apparently quite rare, since the lake was fished rather 
intensively So far as could be determined the lake sup|)orted 
little angling 

Ford Lake was stocked with trout on sevi ral occasions in an effort 
to improve fishing conditions The years in whieli plants were made 
and the number, species, and sise of tho fish are shown m Table I 
Oill nets were fished m this lake in 1934, and the entire popula- 
tion (apparently) was killed by poisoning and dynamiting in 1936 
It was obvious m 1936 that the trout plantings had not been very 
successful After the fish had been removi d, the lake was stocked 
i^th Montana grayling 

Both the fish recovered by netting in 1934 and those taken by 
poisomng and dynamiting m 1936 are discussed below 
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J'ABLE I 


Stocking H&cokda for Ford IiAKB^ 1033-^6 * 


Itear 

■ ■ > ' * ' 

Species 

Number 

Ago when 
planted 

Average sue in 
mqhee when 
jdanted 

1933 

Brook trout 


8 months 

4 

1934 

Brook trout 

6,000 

6 months 

3i 


Brown trout 

600 

8 months 

31 


Rainbow trout 


Ycarlmgi 

5 

1935 

Rainbow trout 


Adults 

12-15 




(3 years old) 



* Batft provided by Mr Guy diitnot supermteodent of fieberiea 

operations, Oden Hatchery 


Ftsh Taken tn 19S4 

A total of l,ld7 perch and 16 brook trout were taken in two ex^- 
penmental gill nets * fished continuously from July 23 to July 30 
The trout ^ere not preserved and were not measured Their esti- 
mated average total length was 6 to 7 inches Some of the perch 
were discarded, but a random sample of 602 specimens was preserved 
in a 10 per cent solution of formalin 

Sex determmations were made of all the preserved fish Deter- 
imnations of weight, length, and age were made for a random sample 
of 100 individuals The average standard length and average total 
length m miHuneters, the average weight in grams, and the average 
coefficient of condition (K) * of each age group m each sex are ^own 
in Table II 

If the 100 specim^ constituted a representative sample ol all the 
perch taken m gill nets, the following conclusions may be made re^ 
gardmg the Ford Lake perch population 

Sex -^The two ^xes were about equally r^resented Of the 
602 specimens, 298 wm females, 304 were males 

Growth — The females grew more raiadly than the males In all 
age groups represented (exeept age group 1} the fish of both sexes 

^ The fAnm of me«h (shreteboi xMaaurs) lathe sets varied itota If to 4 Inebes 

• The formula IT » ^ was usedj whore W » la ktams sad 
4 ** fftaadard length in minimetera 
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lABLl^ II 

Avcraoe Standard Lsnoth (Mili imfterh) Avsbaqs Totai Ibnoth 
(Incrss)i Avehaoe Weight (Qbamr), and Ayrrage Condition for a 
Random Sample «k Female and Mai k Perch of Different Aofr 

All sperimcnH were taken m JulVr 1934, by gill nets 


Age group 

No of 
HpecimenK 

Average stand 
ard length 
(mm ) 

Average to- 
tal length 
(inches) 

Average 

weight 

(glams) 

Average 

K 

(cmaten 

II 

19 

113 

53 

24 

1 67 

III 

27 

115 

54 

20 

168 

IV 

7 

123 

58 

31 

1 65 

Total or average 

53 

115 

54 

25 

167 

Males 

I { 

1 

lOB 

52 

22 

175 

If 

19 

no 

52 

23 

1 70 

III 

27 

111 

52 

22 

162 

Total or average | 

47 

111 

52 

22 

1 66 


had a very slow growth (Sec Table IT ) The growth zones of the 
scales of all age groups mdicated that gniwth was moderately good 
dunng the first year and generally dunng the second year After the 
second year the annual growth increments were small It is probable 
that this change in growth resulted from a lack of food of a size 
siutable for larger perch 

WetgfU — The perch had an average weight of 24 grams, or 
slightly lees than one ounce (entire sample of 100 fish) 

Cpndttum — The perch w ere in relatively good condition The 
vglu^ of K decreased slightly as the age increased, but this decrease 
was probably too small to be mgnifiiant In general, condition 
varied httle with either sex or age 

of life — The sample suggeet’j that the females tend to 
live Ibiigor than the males Seven of the 53 females were of the IV 
but the oldest of the males were of the III group This sex 
di&^canice in longevity is in accord wnth findings of other studies of 
perch (Bcbnebeiger, 1^35, Esobmeyer, 1937) 

W0tgH of wmpU — If the average weight of the perch is 
Assurped to be 24 grama, the number removed (1,137) had a total 
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weight of 27,288 grams (60 2 jKmnds), or a eight of 2,660 grams 
(5 6 pounds) jM r a( n 

The ratio of trout to |)er(h in 1914 (1*5 1137) was approximately 
1 76 A computation of the fish removed in 1936 indiiati^ a total 
population of approximately 5,000 perch at that time If about the 
some number was present in 1931, the ratio of trout to perch im- 
mediately after the planting of 500 trout in 1933 was about 1 10 
Appari ntly the number of trout in the population had declined very 
materially between 1933 and 1934, unless the difference in the two 
ratios (1 76 and 1 10) was due to net selectivity 

Gill nets were fished m 1934 in an effort to reduce the jiopula- 
tion, since there appeared to be a scarcity of food for the number of 
perch present, especially fcxid of inknncdiate or large si« (min- 
nows) The perch removed m 1934 represenUd approximately 24 
j)er cent of the iienh rceovc^rtd in 1936 It was, of eourse, impossi- 
ble to determine what percentage of the fish present m 1934 had 
been removed 

Not only was the food per fish increased by the removal of some 
of the perch, but a total of about 16,600 forage fish was planted in 
July, 1934 These fish were taken from a small stream where it had 
been impounded by beaver Most of them were northern dace 
(Chrosormis ees), although limited numbers of fathead mmnows 
(Ftmtphales promelas)^ sticklebacks {Eucalta tneonstam)^ mud min- 
nows (Umbra hmi), and perhaps a few fisb of some other species were 
also present 

Ftsh Taken in 19S6 

On the morning of September 9, 1936, Mr W F Carbine and 
the writer, assisted by men from Camp Vanderbilt, poisoned the 
waters of Ford Lake with 200 pounds of powdered dems root (6 per 
cent rotenone content) mixed with water On the afternoon of the 
same day recovery of the dead fish was facilitated by discharging 600 
sticks of dynamite in the water The fish began to die withm about 
an hour after the poisoning The collection of the dead fish waa 
started immediately and was continued for three days On the 
third day 183 dead perch were counted along the shore, but were not 
coliectod because of their semidecomposed condition 

It IS probable that all the fish were lulled, and it is also probable 
that almost all the perch were either collected or counted (In two 
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otlwr lakes where weaktr eon cent rations of flerns root had been 
used the entire penh population had been dentroyed Nets 8< t in 
these lakes m 1936 failed to produce fish ) How many dead fish n- 
mamed m deep water m Ford Lake is not known, but over that pait 
of the bottom which could be stin from a boat (about a third of 
the entire area) no dead perch were observed other than the 183 
Hjictimcns mentioned above Ihe cviderue, therefort, though not 
conclusive, suggests that all fish were killed and that almost all tlu 
perch were definitely ac< ounted for 

Total hinh Population 

A collection of 3,762 perch was preservtd in a 10 per cent solution 
of formalm and 1,065 perch were discarded At hast 4,817 perch are 
therefore definitely known to have been present C omputations 
based on the average weight of 1 060 specimens taken at random 
give an c stiraated weight of 347 pounds for the tot il perch population 
A total of 24 rainbow trout and 1 brown trout were preserved and 
2 trout (partly decomposed) were disc arded 1 hese trout had a 
combined W( ight of 7 pounds (provided the 2 trout discarded were 
of average weight) 

Dead minnows hned the shore, especially along the wave-swept 
side On two rtpn scntative 10-foot seetions of shore line the dead 
minnows were count<.d by Dr A S Hazaard and Mr Carbine 
According to the counts made, the lake shore contained 15 3 min- 
nows per linear foot of shore Ime Ford Lake, with an area of 10 66 
8U*res, would have a circumference of about 2,400 feet if it wer* 
exactly circular The exact length of shore line was not determined, 
but smee the outline of the lake is roughly circular, its length may hi 
OMtimatod at that figure On this basis the lake had contained approx- 
imately 36,700 minnows Weight determinations of 61 specimins of 
minnows gave an average wciglit of about 2 grams The minnows, 
therefore, weighed approximately 73,400 grams or 162 pounds The 
weight of minnows per a<re was about 15 pounds 

The total fish population m 1936 was approximately as follows 


Perch 

PountU 

347 

Trout 

7 

MInnovoi 

162 

Total 

516 
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( Ki 1 BUo dititnbaikin of 206 female* in three bt* of perch ialcfin at random 

and ahto in Cbo three lote oombmed 

The lake therefore maintamed about 50 pouach of fieh per acre 
The fiM important evidence obtained from Hie ooileotione waa 
that the plantmgps of trout in Ford Lake were not very eucceeaful 
A total of 8^000 trout had been planted siiice )983| but only 28 Were 
recovered in 1836 (and 15 m 1634) Relatively few were removed by 
fishermen Some may have remained on the bottom at the tune of 
the powonmg, but it seems safe to conclude that the survival from 
trout planting^ in the lake was very slight The few whkh were re- 
cover^ w6re in relatively poor condition 
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tAMOVC » COMMIAriON Of f OAMPlXl 

Fia 3 6i»t diftribution of 846 malet in three lota of perch i&ken at random and 

aUo In the three lota combined 

Beoauae of the apparently unfavorable balance between fish and 
food at the tune the minnows were stocked (in 1934) it was not 
eSx|;>e0ted that any of the ^leciee would become eetabhsbed It was 
aammed that the tnintiowe would aoon be eaten by the perch The 
ndnnowe did aanre ae a food item for the perch^ but evidently 
^U||^ eurviyed for them to become definitely eetabhehed All 
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species except sticklebacks known to have been stocked in 1934 were 
found in 1936 The number of minnows had apparently doubled m 
the two years 

The large number of perch in the collection made the use of 
samples advisable Sex determinations were made for all the 3,762 
preserved perch, but the data on length and weight are based on 
thrive sample s of 350 fish each, taken at random The close similarity 
of the data obtained from eat h of these three samples (Table III and 
Figs 1-2) d( monstrates that the results obtained from their combi- 
nation (1,050 fish) may be considered representative for the tntin 
population In further discussions of length and weight it is assumed 
that the lU eragt s for the three samples (846 males and 206 females) 
represent the averages of the entire fiopulation The error which 
might Ih involved in using these samples rather than th< i ntire popu- 
lations IS obviously small 


TABLF Til 

Avjqraok 8tam>ar2> 7 usqth (is MiLLiMrTFKs) AND Avsraos WriOHT 
(in Grama) kuh Three Random 8ampi ks op I* bmalr Perch and Three 
Random 8ampu6» ok Male Perch and kor Combinations or the 
Three Sampies (205 Females, 845 Mai eh) 


Sample 

Average Htandard length 
(mm.) 

Average weight 
(grams) 

Femalee 

Sample 1 

129 2 

389 

Sample 2 

127 6 

87 7 

Sample 3 

CAimblnation of 3 tiamples 

126 5 

39 t 

127 7 

386 

Males 



Sample 1 

114 6 

293 

Sample 2 

114 6 

801 

Sam]^ 3 

Oombmation of 3 namplos 

1151 

324 

114.7 

306 


—sr— — *“-«~“3s=!=c==:a!fci 

Ls— — 


Size DiMnbiUion 

The length distnbutioo for each aex la shown in Figures 1-2 and 
in Table IV, The distribution of both male and female perch ap- 
proaches a normal curve, but fails to indicate more than one 
group exeept f(»r the suggestion of a second group of males (at 71^ 
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miUuneters) rrpresontod by a very ftw individuals On the average, 
the females were 13 milhmitfrs longer than tiu males 


TABLE IV 

I SNOTH Distribution or 206 Fbmais Pfrch and 845 Maiji. 
FIERCH by FlVB-MlDLIMETeR < 1 ASHES (STANDARD 1 BNOTH) 


Length group 
(milUmetBrs) 

(• emuloH 

MaleK 

Number 

Penuitftge 
of total 

N urnbt r 

Perrentage 
of total 

71-78 



2 

0 

2 

70-80 



2 

0 

2 

81-85 






86 90 



1 

0 

1 

91-95 






96-100 



4 

0 

5 

101-106 



12 

! 

4 

106-110 

2 

1 0 

150 

17 

8 

in-116 

2 

1 0 

319 

37 

8 

116-120 

32 

156 

245 

29 

0 

121-126 

47 

22 U 

81 

9 

6 

126-130 

67 

27 8 

24 

2 

8 

lai-lBS 

39 

19 0 

4 

0 

6 

136-140 

13 

63 

1 

0 

I 

141 146 

8 

39 




146-150 

2 

10 




151-155 

2 

1 0 




156-160 






161-165 

1 

06 




ToUl 

205 

100 0 

845 

100 0 

Average atand- 
srd length 

127 7 mm 


114 7 mm 



Age D^rmtnaltoiu 

An effort was made to determine the ages of the 1,060 fish m the 
three samples For some reason ivot known to th< writer the annuli 
beyond the second year were very difficult, often impossible, to locate 
with certamty After repeated efforts the attempt to determuic the 
ages was abandoned except for approximately 160 specimens Even 
on these it is not certain that the annuli were invariably counted 
Correctly Annuli were more easily located on the perch taken from 
Ford LidDe m 19>34 than on those taken from the same lake in 1936 
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The sise; weight, and oonditum of these fish as detennined for the 
different age groups arc shown m Table V 

TABLE V 

LBNQTM, WElOftT, ANP CONPITION OF PBBCH OF EaCH SEX, 

BY Age Gboitpb, Based on a Stuot of 149 Speciuekb 


Age group 

Number 
of speci- 
mens 

Average stand- 
ard length 
(mm ) 

Average total 
length 
(inches) 

Average 

wei^t 

(grama) 

Average 

K 

I'emaleM 

n 

1 

ne 

6 51 

37^ 

2 42 

m 

21 

127 

69e 

37 0 

188 

IV 

4 

130 

514 

41 1 

188 

V 

1 

131 

630 

41 7 

186 

Tut&l or Bverftgo 
(females) 

27 

127 

6 98 

37 8 

1 86 

Males 






0 

1 

90 


14 0 

192 

1 

1 

m 

6 31 

82 9 

2 41 

U 

7 

118 

6 36 

29 2 

200 

111 

90 

lie 

6 51 

32 7 

208 

IV 

23 

119 

603 

363 

211 

Total or average 
(raalee) 

122 

ue 

6 61 

32 8 

2 07 


The position of the first two annuli showed that the growth was 
reasonably good during Uie first year and, in most specunens, dunng 
the seeond year, but growth was very poor m all sucoeedmg years 
The data on age groups IJ, HI, and IV (Table V) suggest that the 
females grew more rapidly than the males Fish of the III group 
apparently predcnninated, although fish of the IV group were fairly 
well represented Young fish (0, 1, and II groups) were scarce 
The apjnnximate number of legal-sised perch of each sex was 
determine All fish 150 mm or more in length were r^parded as 
legalHused fish (6 mehes or 152 4 mm total length) Since all fish 
had been preserved before measurements were taken, aome idirinkage 
undoubte^y occurred The shrinkage factor 1 016 detennmed by 
Van Ooaten (1929) for lake hemng was used Of the 845 mato 
exammed 44 (5 2 per cent) were of legal sue, and of the 205 leimdes 
140 (68 S per cmi) were legal siae Since the ent^ pofmlation of 
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4^817 perch (sexes were determined for 3^62 fish) was estimated to 
contain 3,572 males and 1,245 females, the total number of le^al-siaed 
fish m the lake mcluded approximately 186 males and 850 females 
The ratio of females to males in the lake was approximately 1 3, but 
the ratio of legal-sized females to legal-stzed males was over 4 1 
The only age groups whose average lengths ivere above the 6-mch 
legal limit were the IV and V group females 

It might be argued that the lake tontaincd more males than 
females because few legal-sized males were taken by the fishermen, 
whereas a majority of the females were of legal length The lake 
was fished so little, however, that this argument does not hold 

Sex Ratio 

In the perch taken by gill nets in 1934 the two sexes were about 
equally divided Nets, os stated earlier, were again set m Ford Lake 
just before the poisoning in 1936 and were lifted immediately after 
the poisoning operations ha<l been completed The fish taken in 
the nets were inadvertently placed with the dead fish collected, and 
consequently the sex ratio of the gill-net sample could not be de- 
tennmed It was note<l later, however that of those fish having 
gill-net marks about half were females It may be stated with 
assurance tkat the gill nets ivere highly selective with respect to the 
sexes, probably because most of the males were too small to be 
caught in them 

The 3,762 perch which were preserved consisted of 2,791 males 
and 971 females There were 34 8 females per 100 males or approxi- 
mately a 1 3 ratio A fourth of the perch (25 8 per cent) were 
femal^ It is improbable that the percentage of females changed 
from about 50 per cent m 1934 to 25 per cent m 1936 It is more 
likely that the perch taken in gill nets set m 1934 were not repre- 
sentative, with respect to the sex ratio, of the fish which were then 
present in the lake 

Food 

No investigation was made of the food available for the fish, but 
the stomach contents of 100 males and 100 females, taken at random, 
were aeamined This study was cspeiially interesting because it 
showed a difference in the food of the two sexes 

A lourth (25) of the stomachs from females cOntamed minnows 
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They wore in \anoiiw staKes of digo^tion, and obviouHly many had 
boon oaten btforo the poiRoning The Rtmnach of one female con- 
tained a partly digested porch Right «tomaths from females con- 
taim d a half-dozen or more winged ants It is probable that a flight 
of thene ants had crossed the lake just before the poisoning and that 
ants were not ordinanly avatlabk in abundance as food Twenty- 
four stomachs contained Coreihra (mostly larvae) and 22 contained 
(hironomid larvae Other food organisms, including Lphemeridae, 
Amphipoda, Odonata, Coleoptera, Phyllopoda, and Tnehoptera, were 
present in re lati\ ( ly insigmfitant numbers Seventeen stoma( hs were 
empty 

Of th( 100 stomachs from males only 3 contaiiud minnows 
Several ants wen found in another Coreihra occurred m 31 stom- 
achs, and Chironomidac in 14 Odonata, Ephemendae, Phyllop- 
oda, Amphipoda, and ( ladocc^ra wen found in a very few stomachs 
Ovt r a third (36) of the stomachs were empty 

Death by |X)is<ming is relatively rapid, and it is possibh that tht 
proportion of empty stomachs is reprew ntativi of normal conditions 

It may be stated that minnows constituted the chief food of the 
females and that Corethta larvae were the chief food of the males 
Rarher m the summer, when the young minnows were smaller, they 
may have served as an important food organism for the male perch 
also Ihe decided increase in the condition (/C) and the slight 
increase m growth m 1936 over 1934 may have resulted from the 
introduction of minnows in 1934 or from reduction m population by 
netting 


Dtstrib’Uiion of the Serea mlhtn ihe Lake 

Ihe Institute's lake-survey partus have frequently observed that 
j>er( h removed from their nets were mostly of one sex Often catches 
of 60 or more were all of one sc x Memliers of the parties who failed 
to rc^ogmze this peculiarity often doubted for a while their ability to 
determine the sex of perch, despite the fact that the structure of the 
gonads makes sex determination of individual pen h re latively simple 
Since the sexes have different rates of giowth, the dominance of one 
sex in the net may depend, partly, on net selectivity It has been 
noted, however, that even m hne fishing the fish taken may be largely 
of only one sex It would seem, therefore, that, to some extent at 
least, the two sexes tend to school separately Since such achoohng 
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appears to take plae< during all or most of tlio summei, it is seem- 
ingly not conmftfsl ^Mth spavMung Tlu food study offers further 
evidence of the schooling m separate st xi s and gi\ t s it plausibU n ason 
for such segregation The minno^^s i^tre appauntly normally in 
shallow water, and tht ants \\ere vtry probably floating on the 
surface Since tlust two food items wen promimnt in thf stomaths 
of th( femaks, it appears probable that many of tlie females w<r( 
feeding in shallow water Tlu nuks on th( (ontrary, were ap- 
parently m dfcper water, where they fed primarily on midgi larvaf 
In Ford Lake, at least, a differenct in tht distribution of tht two 
sexea tan be explained on the basis of the difftri nees m the ihslnbu- 
tion of their favorite food organism Differenets in growth ratt of 
the sexts account for difftrt ruts in fetding habits of fish of tlu samt 
ago Whether smular situations an to lx found in otlur perth 
populations remains to lu" dett nnimtl 

SLtTlON FOUR LAK.L 

Section kour Lake, Town 32 North, Range 1 West is a pothok 
lake that is similar in many respects to South 1 wnn Lake According 
to the Institute's survey m 1932 it has an area of 3 3 acres and a 
maximum depth of 21 7 meters Tlu outline is almost p<>rfeftly 
circular, and the basin is bowl-shaped with very httlt shoal area 
In summer the water is definitely stratified, with a thermcKhm 
at 4-11 meters (August 1, 1932) The bottom soil on tht shoal and 
the slope IS marl, and in doept r watt r is p< at The water is relatively 
clear (Secchi disk reading 6 8 meters) and is alkaliiu (surface pH 7 9) 
The survey showed (August I, 1932) that the dissolved oxygen is 
high at the surface and m the thermot hiu (1 1 1 p p m at 8 meters), 
but IS low near the bottom (1 8 fi p m at 14 im ters, trace at bottom) 
This very small landlocked lake has high, steep, sandy banks and an 
extremely small drainage basin 

The survey records indicate that only porch were taken in the 
gill-net and seme fishing in 1932 It is cloubtful whether other fish 
were present at that time In 1932, and again m 1934, when a few 
perch were taken in gilt nets, the fish were small (seldom over 6 or 7 
inches long) in all samples 

Section Four Lake seemed well suited for trout except that here, 
as m the other landlocked lakea in the area, the trout could not, of 
course, be expectifl to maintain themselv os by natural reproduction 
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In 1933 Oden Hatchery officials stocked this lake with 300 brook 
trout eight months old In 1936 the lake (after removal of the 
perch) was stocked with 150 adult rainbow trout 

On September 19, 1935, Dr A S Hassard and the writer dis- 
tributed approximately 76 pounds of powdered dems root (5 per 
( ent rotenone content) over the lake The first dying fish were ob- 
served one and one-half hours after the introduction of the poison 
Collecting of the dead fish was begun immediately and continued, at 
intervals, for the next fifty hours Dead perch wore still coming to 
the surface when the party left Nets set in this lake a year later 
(September, 1936) produced no perch It seems, therefore, that all 
pert h were killed Not all were collected, however 

Total Population 

A total of 1 ,736 perch (526 per acre) were recovered These fish 
had a combined weight of 76 36 pounds or a weight of 23 I pounds 
per acre The actual number and weight of the fish present were, 
of course, m excess of these figures 

TABLE VI 

bKNOTH DiATiiiBtmotir or Pbrch from Srotion Four LarR bt 

ISTKRVALB (StaNBARO I/RMOTH) 

The dotted Ime approximately divides the undereiaed and the 

legal-deed fish 


I^engtb group 
(miUinaetere) 

Both sexes 

Females 

M»1m 

491Hi96 

1 

1 

' 

69 5-59 5 

91 

40 

61 

695-706 

833 

142 

too 

79 5-^5 

34 

9 

26 

89M96 

90 

18 

72 

996-1096 

260 

60 


1095-1196 

692 


689 

119 6-1396 

246 

124 

123 

129 6-139 6 

72 

60 

12 

1995-149 6 

27 

26 

1 

149 5-169 5 

7 

7 


169 6-159 6 

3 

3 

* 

159 6-179 6 

1 

i 

4 

Totet 

1,786 


1,202 
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TABLL VII 


NUMBSK or FBMAtE AND MaLE PbkCH IN Ea( H \ EAR OROtP, 
AND AvERAOB LENOTH, WeIOHT, and OoNOITtON OF FiBH * 


Item 


Age group 


0 

I 

II 

in 

IV 

Number of Stth 






Females 

192 

82 

171 

82 

7 

Males 

255 

149 

786 

12 


Total (both sexes) 

447 

231 

967 

94 

~7 

Average standard U ngth (mm ) 
Females 

.. 

72 8 

■ '■ ' 

104 7 

123 5 

136 9 

157 9 

Males 

75 5 

100 0 

1152 

131 3 


Average weight (grams) 






Females 

62 

17 2 

28 6 

41 0 

63 1 

Males 

60 

15 8 

, 

24 3 

34 4 


Average total length (inches, approxi 
mate) 






Females 

35 

49 

58 

66 

74 

Males 

36 

48 

54 

62 


Average weight (ounces) 






Females 

02 

06 

10 

14 

22 

Males 

02 

055 

09 

1 2 


Average value of K 

Females 

166 

1 5.i 

1 54 

159 

100 

Males 

136 

163 

160 

1 63 



* Smoe thoM fbh were taken in raid*6<*ptemb( r they were aotually almost one 
growing season older than the ftgures (annuli) indicate 


Size and Age Distribution 

All perch recovered were mensured to the nearest millimeter and 
weighed to the nearest tenth of a gram after several months^ preser- 
vation (first m 10 per cent formalin and later m 70 per cent alcohol) 
The 0 group fish were weighed m lots of 20-60 each, all other fifth 
were weighed individually The length distribution, by centuneter 
groupSi is shown in Table VI No really large perch were taken 
The data miggest the presence of at least two age groups 

Hhe hges of approximately 60 per cent of the fish wore determined 
by a study the scates Many of the perch of the 0 and II groups 
could be placed in their age groups without examination of the scales 
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This nut hod of separating those two age groups was used for about 
half of those fish If any error wius in\olved, it was slight, for sub- 
sequent scale examination proved the ages estimated for several 
hundred fish to lu forrett 

In contrast with the perch from South Twin Lake and F'ord Lake, 
most of the fish in Stition Foui Lake (Tabic VI) were young The 
II group, whi( h was repress ntisl by 957 specimenH, tompnsed over 
half of the fish tak< n, but both the 0 group and the I group wtn also 
well represented Only age groups III and IV represented by a total 
of 101 specimens, a\t raged legal size (6 iiiflus) 

The fi males weit largtr than the males in all except the 0 group 
Young fish were dominantly males, but the fish in the III group were 
87 per <tnt females and all fish m the IV group were females (Table 
VII) Most of the legal-Hized fish were females 

Sex Ratio 

The ratio of male s to females was 100 44 or approximately 2 1 
Betause the lake was fished very little this predominance of males 
cannot be attnbuted to tht fact that most of the logal-si«ed perch 
were females and tlu rtforc more subject to capture by fishermen 

Condition 

The jxrch of all age groups were in fair condition, except that 
the males in the 0 group were relatively slender In general, the K 
varu d little for the several age groups The females tended to im- 
prove slightly in condition after the first year, but the averages of K 
for males decreased slightly with increase in age 

SOME CONCLUSIONS BEGARDINO THE THREE PERCH POPULATIONS 

Tins summary le based on data for the two populations discussed 
above and for the South Twin Lake population described m an earlier 
paper (Kschmeycr, 1937) All three populations were removed in 
September, one in each of the years 1934, 1936, and 1936 Dems 
root was used to poison the fish in all three lakes, and d3Tiamitc was 
employed after the poisoning in two of them 

Total Popnlattone 

The fish of the two lakes which were both poisoned and dynattiited 
were probably almost all cdlectcd or seen The population was 
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approximately 30 pouud‘< |)or acre in the lake with v(ry little shoal 
(South i win), and about 60 pounds pt r ac re in tht oiu with exttnsi\e 
Bhoal Ihe nuinb< rs ot jxrth ai tually acoounte<l for varied from 462 
pt r acre in Ford I ake to 055 p< r acre m South 1 win Lak( 

'^tze and ige Dtstnbuiion 

The porch nlowly m all three lakes Their growth, txttpt 
for tht firnt year, wan slower than thi growth of jarth for other 
waters a^s detemimed by Hnrkiuss (1922), Hile (1931), Jolxs (1933) 
and Schnelxrgcr (1936) Comparitue growth data are prfstnted 
m lable I\ of the study of tht South 3 win Lake perth (Lschmeytr, 
1937) SuKo the othti authors rt moved only a fiortion of the 
fish, data on comparative population dt iiMtits art not availablt It 
Heemn probablt, however, that tht populations from tht three lakes 
in the Pigeon River State hortst wtrt more dtnse than wtre those 
in the other lakes studud 

From a fishing standi>tnnt, all three lakt^ wtrt of little vahu 
Some of the perch in tath lake (5 8 ptr cent m St < turn Four Lake 
to 21 6 per t ent in I ord Lakt ) w ere of It gal (6 int ht s), hut v cry 
few had a length of 7 incht s 

In two of the thrtt lakes flu young age groups (0 and I) were 
alnmst entirely absent II is jxivsible that most of the young |Hrch 
of those lakes had been eaten by the large r fish 

In all three lakes the females grt w inon rapidly than the malt h 
T he ft males also tt nded to live longt r The oldest fish were invari- 
ably females 

In general, the iKrth grew vtry slowly aftt r their first or second 
year of life This slow growtli is attributtd to a scartity of food 
organisms of motleralt nm (exctpl m lord Lake in 1936), but it is 
possible that the concentration of fish, rather than the food supply 
may have been resixinHiblc for the slow growth 

Sejr Ratio 

Males predominate <i m all three penh iiopulatioiis The ratios 
of males to females for each lake were South Twin Lake, 100 74, 
Section Four Lake, 100 44, and Ford Lakt, 100 35 The reason 
for the differences m the sex ratio in the three lakes has not been 
found It cannot be attributed to the selt ( tiv e capture of females m 
sport fishing since all the lakes were fished v t ry httic The lake with 
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tlm fish \n poorest condition had twice as many females per 100 malea 
as the lake containing pen h in the best condition Whether or not 
the greater \ lability of the females in the face of adverse conditions 
(Geiser, 1924) explains this difference cannot be stated The pre- 
dominance of males suggests that, in the early stages, the females 
tended to suffer a much greater mortality than the males unless, of 
course, the sexes were not equally represented m the fish immediately 
after hatching In later years, however, the mortality of males ex- 
ceeds that of the females 


Condition 

The perch in South Twin Lake were in very poor condition, those 
in Jord Lake were in excellent condition The average of K for 
Section Four liake perch was intermediate Nevertheless all three 
populations grew quite slowly The condition of these fish was 
therefore not correlated with their rate of growth Apparently the 
fact that a fish is m good condition is not an indication that it is also 
growing rapidly 
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ANALYSIS OF THE FISH (^ATC^H FOR ONE 
YEAR IN THE WATERLOO 
PROJECT AREA* 

ALBKKl 8 HAZZAHD AND R WII I lAM ISdIMI-MR 

I NTELLIGENT manage mint of the fishing in any ana roquins 
(1) an adequate survey of physii al i h< rniral, and biologieal ehar- 
aetensticH of the \\atirs, and (2) a “eru 1 1 1 nsus” of the n prosenta- 
tive watiTH continued over a period of years 

A survi y is essential to determine the conditions for the sjh < i< s of 
fish prisent and the need for environmental improvements, also, to 
ascertain whether the existing game spieies require eniemragement 
by plantings and whether introilui tion of niw sjhiics is desirable to 
improve the fishing 

A comple'te eensus of the fish yield is necessary to i valuati the 
benefits of tnviron mental improve ments and fish stocking, as well as 
to demonstrate flui tuatioim in the' yield of garni fish under t xistmg 
regulations Sue h a ee nsus m the Waterloo Area ‘ will be partu ularly 
valuable in showing the i ffi et of winter fishing upon summer fishing, 
the type of fishing practiei d, and any changes in the i harai ter or the 
intensity of the fishing whieh may eome about as thi development of 
this area proeeeds At pn sent the lakes in the Wate rloo Projee t are 
used principally by anglers from near-by eountus, but as organiaed 
eamps are eeunpleted and facilities for other kinds of lamping an 
improved, it is almiwt a lertainty that the fishing pressun will 
increase, and thus necessitate greater efforts on the part of the agent y 
responsible for maintaining the fish supply, hence the importance of 
a censua at this time and of continuing such a projett 

Tfie Institute for Fishi ries Research proposed survey and census 
projects for the Waterloo Area (National Parks Service) when, in 
1934, Its cooperation in the deveIopm<*nt of the fishing was requested 

• Contnbutlon from the Institute for Fisht^ries Rescwch of the Michigan 
Department of Conservation ami the University of Michigan 

‘ A submarginal area in Jackson and Waabtenaw counties, Michigan 
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The creel census was started immediately and, except for a short 
ptnod, has been continuous A detailed survey of the lakes was 
( amod on by the Institute, assisted by the personnel of the Waterloo 
Project, dunng the summer of 1936 The results of this investigation 
will be reported in a subsequent paper 

The census was secured by selected crews of local employees of 
the Area These men were coached in methoiis of taking data and 
were checked frequently for accuracy and completeness of their 
records Each census clerk was responsible for a certain section of 
shore line or, where the area vas small, for an entire lake Upon 
leaving the lake anglers were asked to display their catch and to 
report on methods employed, period fished, number of undcrsixcd 
fish caught, etc For a more complete description of the methods 
used m creel census studies see Eschmeyer (1936) 

All labor and immediate supervision of the census were provided 
by the Waterloo Project The Institute assisted in an advisory 
capacity and later tabulated, summarized, and interpfeted the infor- 
mation obtained 

The census of winter fishing was not complete for the season, but 
extended from January 6 to 19 and from February 21 to March 31 
A continuous record of the fish yield was secured from the opening 
of the summer season, June 25, to the time of tee formation, Novem- 
ber 30 

The lakes where this census was conducted and thoir approximate 


areas are as follows 

Acres' 


Acres* 

Cassidy 

36 

Big Portage 

480 

Clear 

136 7 

Codar 

66 

Green 

788 

Croohed 

70 

MiU 

204 

Doyle 

10 

Mirror 

4 

Mud 

64 

Sugarioaf 

2048 



Walsh 

Waterloo MtU Pond 

10 2 

t 


(lower) 

105 




Accordmg to reports, the other lakes in the Waterloo Froject 
supported little or no iSshing except Trist Mill Pond, which was not 

* Areas listed In the first eohimii are baaed on ptane-iidiile survey and are 
ifttite accurate, thveo in the second column were determined from the Pnited 
^tes GeologM Survey maps and are ehly approximate 
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covered by the census Waterloo Mill Pond (lower) was only partly 
covered, but is included m the discussion The information obtained 
ftom the census is discussed separately for winter fishing and for 
summer fishing The catches during the two seasons are then com- 
pared and the effect upon the total fish population is calculated 


WINTER riBHlNG 

The combined area of the twelve lakes under observation during 
part of the winter was approximately 1,308 5 acres It was reported 
that five of these lakes (Cassidy, Doyle, Green, Mirror, and Walsh) 
were not fished Information on the catch in the other seven during 
a 54-day period is shown in fable I 

It will be notwl that winter fishing was negligible on all except 


TABLE I 


laroaiiATtuN on Wintbr Fishino (1936) on Skvbn I axes in the Watkrioo 
Area poh the PBaiooa January 6-19 and Ibbbuary 21 — March 81 
(64 Days) 







Data ■uatmariaed 

1 

0 

• 

1 

a 

s 

Mud 

Number of fia^erman 

daye 

499 

6 

18 

18 

Number ol fiab caught 
(total) 

3 881 

3 

0 

4 

Catch per hour 

1 7 

0 1 

0 1 

01 

Large-mouthed baae 
Black erapple 

BlUegtUt 

CometKm eunlUh t 

Perch 

Rook barn 

Walleye 

Nortb^ pike 

1 

3 498 
25 

313 

48 

3 

6 

4 

Can 

BmqW 

Oogfilh 

1 





364 

1 349 
08 

2 

330 

46 

260 

62 

552 

1 

71 

5 

4 


0 I 


9iH 
5 277 

3 tr t 
73 

78 I 
250 5 

10 389 7 

552 10 

1 tr 
131 2 

9 ir 

4 tr 
8 tr 

24 tr 


♦ Inoomploto , . 

t FlguTM probably mduda a aumbar of bybrida 
I Tiaoa*-lMa ttuui05per (sent 
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CIt*ar and Portage lakes A total of 5,277 fish, caught at an average 
rate of 1 2 fish per hour, waw re|>orttd by the cenHua takers In 1936, 
according to tlie Michigan general (tnsus, made by Conservation 
officers and representing a sampling of the fishing, the lakes in the 
two lower turs of counties, whic h include tin Waterloo Area, yielded 
a catch i>er hour of S 1 fish in January, 3 3m February, and 1 2 in 
March The catch per hour on the lakes m the Waterloo Area m 
the winter of 1936 was much lower, therefore , than that in southern 
Mulligan, as reported m the 1935 general census 

Of all fish rtcorded dunng the winter of 1936 m the Waterloo 
Area, 3,833, or 72 6 inr tent, were black crappies Rock bass, all 
taken in Portage liako and nearly all during the month of March, 
W( rt second in abundance They t onstituted about 1 0 5 per cent 
of the reported winUr tatch for the Area Perth, sunfish, and 
northern pike were tath represented by over a hundred specimens 
A few indiv iduals of a number of other species wc re taken In general, 
the fi-shing centered on the black rrappie, and this species was fished 
for pnmanly in Clear Lake 

Concentration of winter fishing on relatively few lakes has been 
noted m creel census studies elsewhere in Michigan (Hazzard and 
Fischmoyer, 1937) The reason for such concentration may be ex- 
plainc^d by the catch, which averaged 0 1 fish per hour for all lakes 
except for Portage and Clear lakes, where the yield was respectively 
0 8 and I 7 fish per hour Why some lakes should provide better 
winter fishing than others cannot be accounted for at present 

Fishing was not intensive during the penod when the census was 
not taken Snow was exceptionally deep, a condition which made 
access to some of the lakes difficult, and the weather was unusually 
cold It Is probable, therefore, that the entire catch for the Area 
during the winter was not over 7,500 fish, a catch of about 6 7 fish 
\H r acre for the twelve lakes ’ 

SUMMEH AND FALL mHINO 

Relatively detailed information is available on the summer and 
fall fishing on the lakes in the Area It was estimated by the Waterloo 
Project that the census takers secured records of 90 per cent of the 
fish yield Unlase otherwise indicated, the information given below 

* A complete oeneufl of winter fishing was conducted on the lakes during 
1936-37 
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18 basod on the recordH Hubmitted and reprostntfl, then fore, about 
90 per cent of th< actual OHlung 

Data for (adi lake were tabulated by W((kly intirvais in the 
complete report, Imt in thm pajici are summanzed for the reason 
There follows a discussion of thr results of the census 

Number of fiahermen (Tabic II) — The total number of fisher’* 
men from whom rcfKjrts w(>re obtained during the season ranged 
from 2,141 on Portage I ake to 3 on Mud I^ke 1 he small amount 
of fishing on Mud and Green lakes may bt explained by the fact 
that m both suffocation under the lee practically < hminated the 
entire fish population during the preceding winter He cords of 8,325 
fisherman days were obtained If they represent 90 per cent of the 
fishing, the total may l>e estimated at 9,250, an average of ipproxi- 
mately stvtii fisherman days ptr acre for the twelve lakes during 
the summer and fall 

Fishermen taking no fish (Table II) — Iwcnty-nme per cent of 
all the fishermen e aught no kgal-sized fisli 1 he fiercentage of un- 
successful anglers varied from 3 in Doyle Lake to 81 m Waterloo 
Mill Pond On the four lakcvs which supported over a thousand 
fisherman days (Clear, Mill Portage, and Sugarloaf) the number tak- 
ing no fish vaned from 21 per cent on Mill Lake to 40 on Sugarloaf 

Number of legab-stzed fisti taken (T able 11) — Records indicate a 
yield of 37,163 fish The total number taken was therefore estimated 
at 41,292 fish, an average of about 32 i)er acre for the twelve lakes 
The per acre catch range'd from about one per eight acres in Mud 
Lake to 114 per acre m Doyk Lake Jhe yield of the different 
lakes varied decidedly 

It would be intertstmg and useful to know what proportion of 
the total number of legal-sized fish occurring m the lakes these 
annual catches represent Some clue to this problem may be af- 
forded as a result of complete or nearly complete fish mortality in 
two lakes m the area Mr Gerald P Cooiier, formerly of the In- 
stitute staff, counted samples of the fish which were killed by suffo- 
eation during the winter of 1936, and from his counts calculated 
that the total population in Mud Lake had been 72,000 game fish 
averaging approximately six mches m length, and m Green Lake, 
90,000 game fish averaging about seven inches Since these counts did 
not inolude fish of the smaller sizes or the fish which died and re- 
mained in deeper water, they are probably conservative If the 
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lABLL II 


Data on tuk on Twklys Laicjas in thb Waterloo Area 

FOR TAB FeIUOO JoN* 25 — TSOVEUKER 30 , 1938 


Loke 

■s 

Fuhe 

talan 

fia 

i 

z 

rmen 
R no 
b 

b 

J| 

i| 

Z ® 

1 


1 

1 

,14 

"S 

*•8 

h 

if 

ft ® 

|1 

l| 

1^ 

CaMidy 

i3 

6 

22 

151 

M 

66 

20 

8,7 

i!fl 

47 

Cedar 

452 

74 

16 

2 796 


62 

23 

76 

29 

554 

Clear 

1 679 

592 

87 

4 967 

4 949 8 

3 1 

10 

77 

8 1 

403 

Crooked 

760 

86 

11 

4 901 

1 944 9 

65 

35 

74 

26 

77 7 

Doyle 

163 

5 

3 

1 024 

359 5 

63 

28 

74 


1138 

Qreen 

42 

17 

40 

US 


38 

17 

77 


1 66 

MiU 

1 513 

322 

21 

8 243 


54 

1 2 

75 


448 

Mirrmr 

27 

9 

33 

153 


67 

33 

73 

1 7 

425 

NCtid 

3 

0 

0 

7 

13 5 

23 

05 

66 


0 12 

Portage 

2 141 

695 

32 

9306 

9 659 0 

43 

09 

82 


21 5 

Sugarloaf 

1500 

634 

40 

5 211 

6 579 5 

33 

09 

81 

Hi 

282 

Walih 

26 

2 

8 

278 

mmM 

10 7 

26 

m 

4 1 

302 

Waterloo Mill Pond 








m 



Oower) t 

16 

13 

81 

9 

33 5 

|jy 


■ 

21 

0 96 

Totali or sveragw for 





mnn 






records available 

8 335 

2 454 

29 

37 168 

31858 9 

45 

12 

78 

38 

316 

Total* for all fiahing * 

m 

2 727 

ii 


34 8432 


■1 

■1 


^ 


* It i« aMumed in tbit oolumn thAt the 90 per cent covtraflE* by oensua wm repre- 
•Miietive of aU fiablxlg The figuree used indicate therefore tlM eetlmated total catch 
per acre 

t Data rei;««eent lew than 90 per cent of the Behing 

populations in Mud and Green lakes are representative, the Waterloo 
Area lakes probatdy contain an average of 1,000 game fish per acre, 
averaging from six to seven inches in length At least 50 per cent 
of jthe fish counted were over six inches long, so that a coneervaiive 
estimate of those available to the angler woul4 be 500 to the acre 
Gn the bask of this estimate, fishing m summer and fall removed 
less than 7 per cent of the total number of the legal-siaed fish 
Hour$ jkAad (Table 11) — A total of 31,358 0 fishing hours was 
recorded From thk It is estimated that there were abopt 35,000 
hours of fishing, or an average of 26 6 hours per acre. The aVerege 
fishing day was 3 S hours, but it varied considc^ly in different la^ 
s per hour and per onpkr (Table II) — On the average) the 
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TABLE III 

C ATCH OF Fihii, BV Sl>E( IKH FROM TWELVE LakRH IN THE WATERLOO 

Area, Suumeh and Fall of 1936 


Lake 

* 

! 

03 

Jl 

! 

1 

1 

1 

f 

1 

li 

Rock baas 

1 

a 

E 

M 

u 

i 

Bullhead 

Northern pike 


♦+ 

"o 

3 

Total 

CuiMlcly 

«0 

18 

m 

U 


22 






161 

Cedar 

1 985 

387 


126 

86 

4 

0 

46 



3 

2 795 

( lear 


336 

216 

374 

69 

328 

451 

147 


1 

28 

4 967 

Crooked 


996 

601 

168 

100 

U 


226 


5 


4 901 

Doyle 

617 

222 

60 

36 

16 

3 

157 

10 


1 


1 024 

Oroen 


7 

84 





26 



1 

118 

MiU 

6 798 

1 284 

496 

143 

70 

42 

123 

218 


7 


8 243 

Mirror 

116 

31 

1 

3 

3 







163 

Mod 


3 

4 









7 

Portage 

7 661 

295 


376 

60 

136 

240 

00 

165 

4 

12 

9 306 

Bugorioaf 

2 728 

671 

613 

132 

3b 


116 

409 

202 

34 

7 

5 211 

Walih 

Waterloo MiU 

137 

37 

76 

6 

3 



20 




278 

Pood 










2 


9 

Total* 

24 806 

4 286 

2 686 

1 374 

432 

747 

1 096 

1 290 

442 

64 

51 

37 163 

Pereentoge of 










tr 5 



total 

67 

13 

7 

4 

> 

2 

3 

3 

1 

tr 



* FifUTM probably Include « numl)cr of hybrids 
t IdmUfioatlon of bosa apcciM probably not rrhalde 
i Ineludos 36 minnows 3 warmouth bass 9 gars and 1 unknown fish 
I Tr&oe — less than 0 5 per oent 

fifthermon oaugbt about 4 6 fish eat*h, at the rate of 1 2 fish per hour 
The catch ranged from about one fish for two hours of fishing on 
Waterloo Mill Pond and Mud Lake to over three fish per hour on 
Mirror Lake On the four lakes supporting the most fishing the 
average csteh ranged from 0 9 to 1 2 fish per hour These figures 
are somewhat below the average (1 8) for the two lower tiers of 
counties, as was revealed by the 1935 general ( enaus for Michigan 
Average true of fish caugkt (Tables II, IV) — The average sises of 
all fish taken in the different lakes did not vary greatly, but certain 
species ran larger m some lakes than in others Portage Lake, for 
«3tamp!e, imxiuced the largest bluegills, sunfish, and perch, CJedar 
Lftke, the largest bass, Sugarloaf, the largest rock baas, black 
orappies, and noirthern pike, and Clear Lake the largest bullheads 
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TABLb IV 

AvKRAUK loTAI 1 KNQTH IN iNCHKfe Or FlHH OF VAKlOtrt) SpIOt IKH C AUaHT 

Junk 26 — November 30, 1936 


SfMioifts omittod for lftke» where fewer than 100 individualH 

of a ^iKicicB were taken 


SpetiCH 

Cedar 

Clear 

C rooked 

Mill 

Portage 

Sugar- 

loaf 

Blucgill 

72 

69 

70 

72 

77 

7 1 

Buikfbih 

68 

65 

69 

69 

73 

67 

Yellow pen h 

81 

79 

73 

76 

82 

82 

I^g&>mouthed boss 

13 3 

12 3 

12 7 

12 7 

12 7 

12 6 

Small-mouthed base 



n 9 




Rook bom 


78 



72 

86 

Black crappte 


84 


84 

86 

10 8 

Bull head 


10 5 

82 

92 


10 2 

Northern pike 





18 6 

19 9 


Catch by spectea (TabU III) — BlutgilN roprestnU'd 07 por cent 
of all caught during the summir and fall, and mn donunant 
111 the catch in every lake Simfiah, BOim possibly blu( gills or 
hybnds between bluegills and sunfish, represented 12 per cent of the 
catch Four of evt ry five fish were either bluegills or sunfish Other 
species taken, together with the percentages of the entire yield repre- 
sented by them, were perch, 7, large-mouthed bass, 4, small- 
mouthed bass, 1 , rock bass, 2, black crappies, most prominent in 
the winUr catch, 3, bullheads, 3, northern pike, 1 Fiah taken 
in relatively insignificant numbers include dogfish, minnows, Yar- 
mouth Imss, and gars 

Reetdence of the anglers — Only 6 per ci at of the fishermi n 
win nonremdents Of tliese 514 fishermen, 467 (91 per (^ent) were 
from Ohio Eleven other states were represented, as follows Illi- 
nois, 18, Indiana, 6, Florida, 3, Kentucky, 2, New Hampshire, 1 , 
New York, 2, Pennsylvania, 5, Virginia, 2, Iov(ra, 2, California, I, 
and Missouri, 1 Four fishermen were from Canada The percentage 
of nonresidents was very much lower than has been found for certain 
other waters in northern Michigan 

Of the 7,440 rtsidents 93 per cent were from three counties 
(Jackson, 43 per cent, Wayne, 29, and Washtenaw, 21) Twenty- 
three oilier counties were represented, all except two of them by 
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FABLF V 

Data, on the Use and Lffectivlnekh oi- thk Severai Methods 

OF I'lSIIlNQ 


Method 

Hours rceorded 

Number 

Per 

<pntagp 

HtiU hKhmg 

22 351 44 

85 

Trolling 

1,161 75 

4 

( netting 

2 886 25 

11 


lish taken 

fish 
take n ' 
per hour 

1 

Average 
length 
of fish 
(iiuhen) 

Number 

Per 

ccntagi 

26 618 

94 

1 1 

76 

828 

2 

0 7 

89 

1 109 

4 

0 4 

1 

12 0 


fewer than twenty fishermen The lakes mostly attract fishermen 
living within a radius of fifty miles In eontrast, ove r half the fishing 
on Fife Lake, Grand Trave rst and Kalkaska tountie s, was by anglers 
living two hundred miles eir more, away (hsehnuyer, lt)37) 

Woman anglers — Sixteen jar cent (1,167) of the anglers were 
women, of whom an even hundred we re nonreside nts 

Ftshtng methods (Table V) ~ Still-fishmg whieh was employed 
by 85 per eerit of the anglers, yielded 94 per cent of the fish caught 
Trolling made up 4 per cent of the fishing and accounted for 2 per 
cent of the catch hleven tx.r cent was by casting, which produced 
4 per cent of the fish taken Still-fishmg yielded, m general the 
smallest fish and casting the largest Ihis relatively close correla- 
tioa between size of fish and number of fish per hour taken by any 
one method is in accord with findings on other Michigan lakes 
(Eschmeyer, 1936, 1937) 

Data are available for the effectnencss of each method m taking 
fish of each of the species most commonly caught in the several 
lakes, but this information is too copious to lx included It may 
be stated briefly that still-fishing was decidedly the most used and 
the most effective method in catching bluegills and sunfish Trolling 
was the most effective, but the least used, m catching large-mouthed 
bass 

Batie need (Table VI) — Worms were the most popular bait 
They were used in 76 per cent of the fishing and act ounted for 83 per 
cent of the fish Minnows were employed for 10 per cent of the 
fishing and insects for 6 per cent These three natural baits yielded 
97 per cent of all the fish taken The remaining 3 per cent were 
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TABLE VI 


Ubb akd EpraoTivBNBse of Vabxoub or Bait 


Halt umhI 

Hours each bait 
was used 

Fish taken by 
each bait 

Fish 
taken 
per hour 

Average 
sue of 

Number 

Per 

centage 

Number 

Per 

centago 

all fish 
(inches) 

Natural 

Worms 

Insects 

Minnows 

17 7119 
1,386 6 
2,406 6 

76 

6 

10 

23,681 

2,893 

1,686 

83 

8 

6 

1 3 

1 7 

07 

m 

Arttjietal 

Spinners 


1 

71 

05 

06 


Plugs 


7 

616 

2 

04 


Artificial flies 


1 

83 

06 

mpu 

90 


caught on artificial luroa (spinners, plugs, and fiiej^) Spinners and 
plugs yielded, on the average, the largest fish, also the fewest fish 
per hour 

Natural bait was de( idedly the best for taking bluegills Insects 
were first in effectiveness, worms second Sunfish were caught most 
readily with worms, their next favorite food was insects Of the 
artificial lures used for large-mouthed bass spinners ranked first, 
plugs second Almost all the perch, which preferred minnows to 
worms, were taken by natural bait These preferences were generally 
the same for each lake 

DIfiCUSeiON AND CONCLUSIONS 

(1) The average yield on the lakes of the Waterloo Area for the 
year 1936 is estimated at 37 7 fish per acre This is believed to 
represent less than 8 per cent of the fish available to the fisherman 
If this assumption is correct, it is evident th^these lakes are not 
mtensively fished at present and could support a much greater 
fishing pressure without any danger of depletion 

(2) A considerable variation m the yield of fish per acre is ap^ 
parent m the different lakes As a general rule, ^ larger lakes 
attracted the most anglers, but the intensity of fiahmg (in temn 
of fisherman hours per acre), catch per hour, and numb^ fish 
removed per acre were grater m the smaller lakes The reasons 
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for such vanation may be re\( aled when a study of the survey data 
18 completed This interpretation should make it possible, at least 
m some instances, to suggest for the poorer lakes environmental 
improvements which will increase their yield 

(3) The results of the census indicate that ice fishing has httU , 
if any, harmful effect upon the jneld dunng summer and fall This 
conclusion is in accordance with the authors’ findings (1937) on 
several lakes in the northern part of the state The number of fish 
removed by winter fishing is only a fraction of that caught dunng 
the rest of the year, in Waterloo lakes it consists pnncipally of 
species which are not of greatest importance m summer fishing 
(crappie, rock bass, porch, pike and sunfish) Furthermore, these 
species, with the probable exception of the sunfish, are highly pre- 
daceous and are known to consume large numbers of young blucgills, 
so tliat winter fishing as practiced on such lakes may actually benefit 
open-water fishing by reducing predation of the bluegills 

(4) Continuation of fish-yield studies in the Waterloo Project 
by means of creel census is highly desirable in order to establish 
the normal yield for these waters, to note annual fluctuation in the 
catch, to ascertain changes in fishing pressure, and to determine the 
effectiveness of stocking and environmental improvements 
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FEEDINC^ H ABU’S OF BROOK I’ROUT FRY 
IN NATURAL WATERS* 


JUSriN W LliOVAHD 

T HIj purjH)ht of tins brief note w to plaee on n eord c t rtain finrlingn 
in n^ard to the hiding habits of fry of brook trout {Salveli- 
nus fontinab^) whuh arc at vanantt with othrr publishe<j obscr\a- 
tions 

On March 24 1916, Mr D S Shetter, of the Institute for 
Pishems Research, and 1 made a census of brook trout fry in the 
North Branch of the An Sable River near lx>\ells, Crawford County, 
Michigan The seKion of stream selecttHl was one in which we had 
observed heavy com outTations of spawning brook trout during the 
two preteding spawning seasons Of the fish secured at this tune a 
senes was preserved for study Stomach analyses were conducted 
on fifty individuals, ranging in staudard length from 17 to 22 mm , 
average 19 18 nun 

A survey ol the literature indicates that relatively few studies of 
trout feeding habits have inchidcd very young fish Among these 
are the investigations of Clemens (192$), Ricker (1930), and White 
(1930) The relation of my findings to those of Clemens is somewhat 
ob«ture»d by his method of recording, since he considered together 
all fish 2 mches or less m length Riekcr^a studies show that 28 per 
cent of the du t of brook trout 0 8-1 0 inch in length was made up 
of Chirononudae, the remainder being largely ostracods and cope- 
pods, in fry 1 0- 1 5 mches in length the diet had increased to 73 
per cent Chironomidae, and there were only small amounts of the 
other two groups mentioned White, working on fry obtained from 
a small stream on Pnnee Edward Island, found that chironotmd 
larvae made up almost 70 per cent of the total stomach contents, 
with small amounts of copepods, black-fly larvae, ma 3 rfly nymphs, 
and ohgochaete worms forming the remainder 

* Contribution from the Institute for Fisherieft ReBOarch of the Michigan 
Department of ConservatioA and the Univoratty of Michigan 
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The results of the present analysis may be tabulated as follows 


CRUttTAC RA 


Copopoda 

34 

1N0ECTA 


Collembola 

38 

Ephemeroptera 


Baetidae (nymph) 

07 

Odonaia 


Gomphidae (nymph) 

01 

Plecoptera 


Capniidae (nymph) 

1 6 

Tiioboptera 


Linuiephilidae (larvae) 

01 

Diptera 


Chironomidae Oarvae) 

n 4 

Chironomidae (pupae) 

78 6 

Undetermined (2 larvae) 

03 

Total 

1000 


Thus it may be seen that 90L per cent of the food consumed m the 
North Branch was composed of midge larvae and pupae It is inter- 
estmg to observe that the pupae bulked approximately seven times 
as large as the larvae^ although bottom samples taken not far from 
the site of the trout collections had contained from forty to three 
hundred tunes as many larvae as pupae One species of midge^ ap- 
parently an OrihocladtuSf made up most of the volume Three ex- 
amples of another species of Orthodadttts and one of Tanytareue 
were encountered among the pupae 

The high percentage of cbronotnids in the stomachs is quite 
sinking, it mdicates that they may become preferred items of diet 
for trout fry less than one mch m length 
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SOME NEW MUTATIONS IN DROSOPHILA 

A I-RANKtIN bHUII 


M utations m Dro$ophila melanogaster are ptill worth putting 
on record if they have pecubantioft which merit investigation 
or if they promise to be useful tools in other studies One of the 
mutations that have arisen in the expinments of Miss Jean Bnerley 
appears to meet both of these reqmrements This mutation involves 
a spread of the wings at an angle to each other of as much as 160* 
m some individuals Occasionally the membranes of thi wings M*e 
separated and the space between is filled with a liquid, aa in balloon 
The inflated region collapses later, and only an undulatory area of 
the dry wing indicates where the expansion was, or the wing may 
be wholly crumpled if it was swollen throughout Tht sc characters, 
the usual spread of the wings and thi ir occasional inflation, suggest 
the name “Puffdivergcnt,^^ but the abbreviation Pufdi has long been 
m use m the laboratory, and it is proposed that this short name 
be retained The suggested symbol is Pfd 

All efforts to obtain a true-breeding stock of Pufdi have failed 
Pufdi parents, mated singly, have yieldcMi always some wild-type as 
well as Pufdi offspring, suggestmg that the Pufdi mdividuala are 
always heterosygous Matmgs of Pufdi to wild have always yielded 
more wild-type than Pufdi offspring, agam an indication of hetero- 
lygosis in fdl the Pufdi used Certam results mentioned later con- 
firm this suggestion, hence it is concluded that Pufdi is lethal in 
the homoxygous state 

Crosses of Pufdi with several mutations independent of one an- 
other showed linkage between Pufdi and brown eye, indicating that 
the new mutation is in chromosome 2 These preliminary tests also 
showed roughly 20 to 30 per t*ent of crossing over between brown 
and Pufdi Smoe brown is near the right end of the chromosome 
and there is not a distance of twenty to thirty units to its right, 
Pufdi must be to the left of brown, and m the general region of 
loci 70 to 80 Brief tests with four-jointod made it probable that 

647 



648 


A Frankhn Shull 


the locus was nearer 70 than 80, •m} that LoW* (I<k us 72) was uh< d 
for the more extensive expenments designed to loi ate the now gt ne 

It wiw early discovfnd that genotypually Pufdi flits do not 
always show the spread of the wings, as is mon particularly men- 
tioned later No other r onstant modification resulting from the gent 
has been found, though a search was made In the crobsovtr tests 
with Lobe^, therefore, only those offspring which were undoubbdly 
Pufdi were used, and the percentage of ret ombination among these 
flies was determined Unless Lolie* has some effect on the < xpression 
of Pufdi, this procedure should not lead to any incorrect (orulasions 
Pufdi was mated to Lobe*, and their Pufdi/Lolie* ftmah offspring 
wen crossed to wild males The certainly Pufdi offspring from the 
latter (rosa were txamined for the character of the eyes, with the 
following results 2141 Pufdi, 26 Pufdi Lobe* 1 hw uidu ates 1 2 pc r 
cent of crossing over 

To determine on which side of Lobe* Pufdi is located, a stock of 
Pufdi four-jomtc*d (P/rf/?//j) was made up and crossed with Lobe* 
The Pufdi/ Lobe* female offspring {Pfd /j/L*) were mated to four- 
jointed males, and their occasional Pufeb Lobe* offspring were ex- 
amined for four-jomted When the first few of these Pufeh Lobe* 
flies were all found to have normal tarsi, it was concluded that Pufdi 
18 to the left of Lobe* Were it to the right of Lobe*, the Pufdi Lobe* 
(not four- 3 ointed) offspring would have to result from double cross- 
overs in a very short distance Sinc^ the locus of Lobe* w 72, that 
of Pufdi should therefore be about 70 8 

Tins close proximity of Pufdi to Lobe* makes it easier to xnam- 
tam a stock of Pufdi in combination with Lobe* (Pfd/L^) than by 
itself (P/d/+) Pufdi and Lobe* are both lethal in the homozygous 
state, and there is little crossing over between them Consequently 
they make, together, a fairly goexi balanced stock The value of 
the combination with Lobe* is the greater because Pufdi appears to 
come to expression better with Lobe* than without it That ts, 
among the offspring of Pufdi/Lobe* parents there are almost no 
Lob^ flies which lack spread wmgs 

This presumable effect of Lobe* on the expression of Pufdi raises 
the question whether the linkage relation of Pufdi with Lobe* has 
been correctly determined As previously stated, m the hnkage tests 
only those flies which were certainly Pufdi were examined with re- 
spect to their eyes If every genotypically Pufdi Lobe* fly showed 
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its Pufdi ohararter, 'Ahilo somp of the genotypically Pufdi (P/d/+) 
fliCH failed to *>how tin wing mutation, the croHsovtr innentag* as 
determined would be tof) high It may therefore prove later that 
the locus of Pufdi is nearer 70 9, or even 71 

A dt ff ( t of Pufdi as a tool m research is its great variability under 
ordinaiy (onditious At temperatures of 24® or 25® the wings may 
spread as little as 20® (as dcttrmiiud from the rather straight por- 
tions of tht front margin) or as much as 150® Ihe h aser angles are 
not distinguishable from those in wild-tyjx flies At lower tempera- 
tures (19®) the (hffidilty is still gicater Fortunately higher tem- 
peratures aceerituale the wmg spread and at 2S®~29® nearly all 
genotypically Pufdi flies ha\c distinctly spread wings To deter- 
mine which flies are genotypically Pufdi virgin wild females are 
mated with Pufdi ^ Ijobe** malts, and their not-Ijobe-^ offspnng are 
regarded as Pufdi whether their wings arc spread or not The effect 
of temperature on Pufdi is being used in other stmlies, and a sc^arch 
for additional environmental ways of modifying the eharacter is 
in progress 

borne other mutations which have arisen in our expenme nts are 
e>f interest rhie fly as indicating the mutabihty of the wild stock which 
was collected in Ann Arbor, and the continued rceurrenec of muta- 
tions when thoj^c happen to be old ones Singed has apjs'aud and 
has the characteristie of the original singed (sn, not «n*) eausmg 
sterility in homozygous females An obliquely shorteneHl wing some- 
what resembling truncate, but of very poor expression in males, was 
found to be in chromosome 2, and then lost before a more exact 
determination of its loc us could be made 

A glazed condition of the eye was first found in a stock in wluch 
brown and searUt were combined, and the glazed eye was white 
Seariet has been eliminated, and the glazed eyes art now brown 
The eharacter appears only m males Though these glazed brown 
males have betn rejieatedly crossed to wild, and the new mutation 
extracted out of F«, the glazing appears only with brown and only 
m some of the males, and all the browns appear now to be glazed 
The explanation of these peculiarities is unknown 
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THE AGE AND GROWTH OF THE LAKE 
ERIE SHEEPSHEAD, APLODINOTUS 
GRUNNIENS RAFINESQUE* 

JOHN VAN OOSTKN 
I INTRODUCTION 

T he shecpsliead or fresh-water drum, sometimes called ihe “gray 
bass” or “white perch” in the Great Lakes area, is generally 
distributed throughout the Great I^kes Basin and the Mississippi 
Valley between the Alleghenies and the western plains, rangmg 
from Lake Champlain to the Red River of the North (Winnipeg), 
south to Texas and Georgia It has been found also in Lake Abitibi, 
where it reaches a weight of at least 14 pounds, but has not been 
reported from any other northern lake in Ontano It occurs in 
greatest numbers in the larger nvers and lakes and seldom enters 
small streams The young sheepshead feeds almost entirely on 
crustaceans and insects The adult subsists largely on mollusks, 
with an occasional fish or crayfish included in its diet The sheeps- 
head is primarily a bottom-dwelling form Its fiesh is tough and 
coarse, especially that of the adults, and the fish is, therefore, not 
highly pnsed on the market Individuals have been known to 
reach a length of 4 feet and a weight of fiO pounds, although the 
average slse of the Great Lakes fish on the market today is about 
H pounds In Iske Erie the sheepshead spawns m May and 
June 

The sheepshead fishery of the Umted States is centered m the 
Mississippi River and its tributaries and m the western half of Lake 
Erie In 1^31 the Mississippi Raver system produced 3,905,000 
poimds sheepshead, valu^ at tI43,000, and the Great Lakes 
produced 1,033,000 pounds, valued at |42,CK)0 In 1934 the Great 
Lakes yidded 2,233,000 pounds of ^eepshead, valued at 138,000, 
of wMcb pnxhictxoa 2,218,000 pounds, or 99 4 per cent, were taken 

^ l^obaithfMi by psnnMoii of the Vmted States Commissionsr of Fisbeiiss 
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from I^kp Ent and 14,000 jwunds from the Michigan waters of 
Lakes Huron and Michigan Dunng the past Un years approxi- 
mattiy 99 {)cr cent of the annua! United States cateh of Great Lakes 
sheepshead was produced on I^ake Enc Canada produces only a 
small quantity of slice pshead (separate statistics not published) on 
Lakes Lne and Huron Imports into the United States are prob- 
ably less than 2 jxjr cent of domestic production, while no sheepshead 
are exported In 1934 about 74 per cent of the Great Lakes sheops- 
head (Umted States catch) were taken in trap nets, 19 per cent in 
seines, 5 per cent in fyke nets, and the remaining 2 per cojnt in 
pound nets, gill nets, and trammel nets From 86 to 90 per cent 
of the annual United States yield on the Great Lakes is taken dunng 
the months of Apnl, May, and June Practically the entire Great 
Lakes cateli is sold fresh without being dressed, the fish bnnging an 
average of alxiut 2 or 3 cents pc r pound to the fishermen 


FABLE I 


AveaAOC Annual Unitbd States Catch of SifKBrsHEAD on thf Orbat 
I AKiH FOR Various Periods of \xars, Usuauy Five Yrahm, from 1899 
TO 1934 Inclusive 


Vcor* 

1890, 1003, 1908, 1913 
1914-19 
1920 24 
1925-29 
1930-34 


Average caich^ %n po^nde 

944,795 
2,504,149 
2,031,838 
2,798,134 
2 891,320 


Very few sheepshead were marketed on the Great Lakes before 
the late nineties, although they were plentiful m Lake Erie, where 
they were looked upon as trash Not until about 1914 were sheeps- 
head considered worth bnnging ashore to be sold Production of 
this species did not start on Lakes Huron and Michigan until 1919 
The available annual statistics covenng twenty-five years show that 
the production of sheepshead is being maintained on the Great 
Jjakes, although the species is not propagated or given any protec- 
tion by law except a sise limit of 11 inches in Ohio and 12 inches m 
Ontano Table 1 gives the average annual United States catch of 
sheepshead on the Great Lakes for vanous periods of years, usually 
five years, from 1899 to 1934 inclusive 

Virtually nothing has been published on the different phases of 
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the life hmtory of the HhtH^pKhcad, Hiiih em Hpawning, migration 
(Thompson tagged 214 sheej>8head m Illinois nvers and reco\ered 
tags from 2 fish), age, and growth 

II UATERIAI8 AND METHODS 

The sheepshead on which the pn'stnt study is based \\ere taken 
from Lake Ene by means of trap nets and gill nets Th* data on 
length“weight relationship were based on 2,183 fish and those on 
age and growth on 784 specimens, all of which were taken at Ver- 
milion, Ohio, and Sandusky, Ohio, during the penod August 17— 
November 21, 1927 The 1,570 sheepshead used for a study of the 
relationship of total to standard length win taken at several ports 
in 1927 and 1928 All tm asurernents i^ere obtained by means of a 
steel tape and from fresh fish m the field Length measurements 
were recorded in millimeters, weights m ounces Age determinations 
and growth computations based on scales were made by Dr C W 
Greene, formerly a member of the Great I^kes staff of the United 
States Bureau of Fishenes, but many of his readings i^ere verified 
by me Ages are expressed by roman numerals and indicate the 
number of annuli found on the scales Measurements of the pro- 
jected images of the scales were made along the anterior radius 
Computations of growth were made on the assumption that the body- 
scale ratio IS constant at all times beyond the formation of the first 
annulus 

Because of the fact that the legal-sixed fish were marketed in 
the round, very few of the larger specimens were sexed Many of 
the smaller fish were sexed and the stage of maturity was noted, but 
It woe seldom possible to determine the sex of these m the field 
The vanous types of data, therefore, could not be studied separately 
for the sexes All sexed fish of age groups 0 and 1 were found to be 
immature 

Although the 1927 specimens were taken on vanous dates between 
August 17 and November 21 by two types of gear and at two lo- 
ealitiee, it was found by detailed comparisons that the differences 
in the actual and in the calculated lengths due to these three factors 
were so alight or so mccmsistent that they could be ignored Each 
age group, therefore, was considered a homogeneous unit 1 am 
greatly indebted to Doctors H J Deason and Ralph Htle for valu- 
able asfdstaiice rendered m the preparation of the tables 
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HI AOE COMPOSITION AND LENGTH FREQUENCIGE 

In Table II tlie Hheepshcad have been divided into age groups 
and according to the year class to which they belong, with the mdi- 
viduab of esu h age group arranged by their standard length The 
number of mdividuols in each age group and the percentage of that 
number in the entire collection are shown at the bottom of the 
table The column at the extreme right gives the number of fish 
of each size group All age groups up to VIII ineJusive were repre- 
sented in the samples However, two older sfiecimens were col- 
lected — one, m its thirteenth year, measured 412 millimeters m 
length (about 19 7 UKhes total length) and weighed 3 pounds 15 
ounces, the other, m at least its seventeenth year, measured 676 
millimeters in length (about 27 2 inches total length) and wt ighed 7 
pounds 14 ounces (collected tn 102S) Age group I (year class 
1926) predominated in the catch, comprismg 56 2 per cent of the 
total number aged It is of interest to report here that the 1926 
year class was also found to dominate for several years the Lake 
Ene catch of yellow perch, yellow pike-perch, blue pike-pereh, and 
sauger It appears, then, that 1926 was an exceptionally favorable 
year for the survival of the spnng-spawning species of fish In 1927 
the fishermen referred repeatedly to the unusual abundance of small 
sheepshead and yellow perch m the lake The relative paucity of 
the older sheejssheod in the fall samples is due m part to the fact 
that before and after the spring run these fish occur only as strag- 
glers in the fishermen’s nets From 85 to 90 per cent of the annual 
eommercial yield of sheepshead is taken from the latter part of 
April to the middle of June, when they apparently have schooled 
for spawning At other tunes of the year the larger sheepshead ap- 
pear to roam alone or in very fsmall groups It is possible that the 
change from a greganous habit to a solitary existence is associated 
with the change from a diet of Crustacea and inaa^^s to one of mol- 
lusks, which most be hunted by each individual fish on the bottom 
of the lake The length frequencies show distinct modes at 105 
and at 170 millimeters only (the approsamate average length 
age groups 0 and I respectively) The smallest specimen which wsS 
aged measured 88 mdluneters m length (15 inches total length), 
the largest, recorded above, measured 576 naiUimet^rs in length (not 
included ih tables) 
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TABLE II 


FhKQVKNCY DtHTRtBLTION OF THK 1 AKE KiltlB SuEKFHHKAD AC<.OIlDIHO TO 
^ANOARD LdNOTB IN Mm , AOR GrOUP (KOUAN FiGURE8)| AND YRAR 

Olaha (Calendar \earr), with Bkxea Combined 


Standard 

Age group 

0 ! 

D 

n 

‘iiJ 

iv-( 


VI 

vu 

vni 

0-VlII 

ivO|^vQ m 









'■ 


mm 






BV 




. . . , n 


■ 






*— 



1927 

1926 

1926 

1924 

1923 

1922 

1921 

tm 

1919 

1910 27 

80-S9 

6 









6 

96-90 

16 









16 

100-109 

39 









* 39 

116-119 

10 









10 

120-129 

3 









3 

130-139 


6 








6 

140-149 


19 








19 

too 139 


60 








60 

100-169 


120 

1 







121 

170-I7fl 


122 

1 







123 

180-189 


87 

7 







94 

100-199 


21 

9 








200-209 


6 

25 

1 






82 

210-219 



31 

2 






33 

220-229 



17 

4 






21 

230-239 



10 

9 






19 

240-249 



1 

6 

1 

2 




10 

250-259 




2 

3 

3 




8 

260-269 




2 

2 





4 

37&37e 




1 

3 

6 




9 

280-289 





4 

6 

1 



11 

200-290 





1 



1 


10 

300-309 








1 

1 

9 









4 

1 

13 

820-939 







3 

3 

2 

9 

830-339 







5 

4 

2 

13 

340-849 







8 

4 

1 

13 

360-359 






1 

3 

8 

4 

11 

860-869 







2 

3 

6 

11 

370-8r» 







2 

1 

U 

14 

88(M8» 







2 



4 

8e(HW» 










2 

400-409 










2 

41(MU 











490-492 











^MHao 

■ 








1 

1 


imM 

441" 

■El 

27 

inm 

iwmXJM 

88 

K3 

24 

36 

784 

Fccmtefa 

iriiV..i 

{ 92 

562 

B 

34 

18 

42 

46 

3T 

45 































imaAOB Lxngth axd Weight, Increment in Weight, and A^xrage Calculated I^enoths fob £.\ch ^ear 
or Lifb or EIach '^eab Class and Age Group or the Iiake Erie Sheepshead, with Sexes Combined 

The grand averages of caieulsted lengths and mcremeotp m length are given at the bottom of the table Total 
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* Number of specimens used to obtain average when less than the total number u indicated m parentheses. 
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IV OHOWTH IN 11* NOTH AND ^^^lOHT 

Fabli III shows for hoxcs (omlnnrd th( average loiigUi and 
weight and the computed length for each year of life ejf the shee ps- 
head of each age group, and the inerements m weight and in com- 
puted lengths as determined from the various averages The curves 



rfAH or u»rc 


tin t Gro>vth ourvew of the Lake f ne Hheepahoad 

Upper curve average calculated lemgth at end of each year of life Ix>wcr 
curve average cale ulatcd increment m length for each year of life CurvoM 
based on grand averages of Table III The male of total lengths at right does 

not apply to the mcremenl curve 

of Bigure 1 are based on the grand averages of the computed lengths 
and the annual increments in length given at the bottom of the 
table, the curve of Figure 2 is based on the average weight of the 
various age groups 

The computed lengths indicate considerable variation in the 
growth of the different year classes tor example, the 1924 year 
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<Ia«s reached a length of only 76 millimeters in tlu first year of lift, 
whereas the 1921 and 1925 year classes attained a length of 102 
miUimeters The 1920 and 192.1 year clattses gre^\ 86 milUmtters 
and thi 1919, 1922, and 1926 year (lasses reached approximately 94 
millunet(rs in length dunng tht 6rst year Differences m rates of 
growth otrurnd also in the other years of life Iigure 1 shows the 



Fid 2 Average weight of age gruupe 0- Vllt of the I ake Fne aheepehead 

(data from Table 111) 


typical growth cur\o of the sheeixsliead The merement curve drops 
rapidly in the second and third years of life and thereafter falls very 
gradually or mamtamK its level If the length at the end of the 
eighth year of hfe (349 millimeters) is taken as 100 per cent, then 
It may be stated that 27 per cent of the total growth m length is 
completed at the end of the first year of hfe, 46 per cent at the end 
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of the second, 59 per tent at the tnd t>f the third, 69 jxr tent at the 
end of the fourth 78 {)er ctnt at the tml of the fifth 87 \>er cent at 
the end of the sixth, and 93 ixr tent at tht end of tlu sevtnth 
The curve of Figure 2, baseti on the avtrage wrights of the age 
groups, s)iows a slight irregularity which cannot lx explained at tin 
present tune The average weight of agi group \I hcems to be tw) 
high m (onipariMon with that of ag< groups and V 11 If the curve 
were smoothed tlu average of tlw Vl-year fish would be about 2b 
ounces instead of 30 The ages of thesi fish wen f li( eked twice and 
found to hi accurate There was no selntion bv gear siiut all but 
two of the spec mu ns of age group \ 1 wen taken m small-meshed traj) 
nets set off Sandusky, Ohio If the sexes grow at different rates, it 
iM possible that a change in sex ratios may account for the meonsist- 
tney The increments of the curve based on average weights show a 
trend exactly opjKKsitc that of the increments of the curve based on 
average lengths (Fig 1) Ihe data c>f Figure 2 and lable III indi- 
cate that the annual increment of growth in weight inereases pro- 
gressive ly diinng at least the first nine yc ars of life T he fact that 
the curve and the increments of weight rontinue to rise rapidly in 
the ninth year suggests that sheepsheod of this age with an average 
weight of 2} iMiunds are still in the midst of a fast-growing pc nod 
of life so far as weight is eoncenied If the average weight of the 
fish in their ninth year of life (age group VUI, 44 22 ounces) is taken 
as 100 per cent, then it may be determined that 2 jxr cent of the 
total growth in weight is completed in the first year of life, 8 per 
cent m the second, 16 per cent m the third, 24 per cent in the fourth, 
35 per cent in the fifth, 45 per cent m the sixth, 68 per cent in the 
seventh, and 73 per cent in the eighth Since the oldest fish were 
still growing rapidly in weight, these percentages would no doubt 
be leas for each year if fish near the end of the maximum life span 
were available as a standard for companson 

It may be observed from the percentages of length and weight 
that, whereas 46 per cent of the total length is reached at the end 
of the second year, about six years are required to reach this per- 
centage of total weight Only 2 per cent of the total growth in weight 
IS completed m the first year as against 27 per cent of the total 
length In comparison with length the pc^rceutage rate of increase 
in weight 18 duHng the first throe or four years of life, but 
thereafter Imth rates seem to be approximately the same (company 
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for length and wiight th( diff(itnce« betA\eon the ptroentagew of 
growth (omphted in the \aiious year^ of life) 

Th( data on growth indieate that tin shetpHhead aix being re- 
movtd from tin lake by eommertml fishing at a jienod in their life 
when they arf growing most rapidly However, since the flesh of 
this KjM (Its IS not of a high quality and the market for it is therefore 
limited and siiut tlu flesh becomes less palatable with inereasecl 
sire, and, furtheimore, smee there is no evidcntt that tht shetpshead 
IS l>eing deplete d in Lake brie it would not lx dtsirabh at the pres- 
ent time to nu rt ase the MZt limit of the sjiet it s to tht It ngtli at whieh 
the rate of ineitast in wtight dirnmishts 

V OROWTH COMPtVBATION 

To asttrtain whetlur a rornpt nsation m growth otcurs in the 
shetpshtad, tht fish of age group 11 were divided into three size 
groups at cording to the ttmiputed lengths at the end of the first 
year of lift (Tabic IV) The average length of the fish of eaeh size 
group was then determmtd for each year of life brom these total 
lengths the average annual inercmcnts were denved It may bt 
seen from the table that the big yearlings were, on the whole, the 
big fish in all sueeeeding years, but that the maximum diflferenees 
between the le ngths of tlu thn e size' groups diminished progressively 

FABLK IV 

Growth Compknsation Avkhaoe ( aix’iti atkd Standard I snoth and 
Averaqr Increment in I enoth for Fach Vear of Life of Three Size 
Groups of the Lake Erie Sheepbread of Aue Group 11 


Size groups are based on the c omputed lengths at the end 

of the first year of life 


Hize group in 
mm 

Num- 
ber of 
speci- 
mens 

Average < alcu 
latod length in 
ye^ar 

length 

at 

capture 

Average increment 
during year 

1 

2 

1 

2 

3* 

Under 99 

33 

89 

163 

206 

89 

74 

42 

99 to 106 

39 

103 

170 

212 

103 

67 

42 

107 and over 

30 

116 

177 

215 

115 

62 

38 

Maximum differenee 

26 

14 

10 


_ 



An inoompleted year 
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each year, so that tht fish became more uniform in si/e at tath 
Bucoeasive age Or, os may be seen fr<mi th< incremcnlH, the smalh r 
yearlingH were the fast* r-gro wing fish ami th( larger ytarlings th( 
slower It appears, th<n, that the “law of growth ( ompensatioii " 
apphi s to the Lake Fm shcf pshead 

VI I hNOTH-WEIGHT RFIAIIONBIUP AND 
COEFFICIFNT OF CONDITION 

I he (ur\e of Figun 3, based on th( data of J able has iKtn 
drawn to show tin nlationship b< tween tlu length and tin wiight 


0 f ftf M * !•€% 

Of $ t M 



Fia 3 Lengib^weight relationship of the Lake lu'ie sheepehead 

(data from Table V) 


m t * 3m 
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TABLE V 

Lenqth- Weight Helationbhip of 2,183 Lake Fr(e Shkepshead, 

WITH Sexes Combined 


Standard 

WeiKht, 

Number 

Standard 

Weight, 

Number 

... 

Standard 

Weight, 

Number 

length, 

in 

of Hperl 

length, 

m 

of speci 

length, 

in 

of sped- 

in mm 

grams 

mens 

in mm 

grams 

mens 

m mm 

grams 

mens 

92 

12 

4 

176 

116 

31 

287 

587 

10 

98 

14 

2 


117 

43 

200 

576 

11 

103 

19 

8 


117 

66 

293 

571 

11 

107 

21 

5 


122 

23 

298 

617 

22 

113 

28 

5 

180 

123 

65 

303 

659 

8 

117 

28 

6 

181 

122 

23 

306 

652 

9 

122 

35 

2 

182 

126 

21 

312 

701 

15 

133 

53 

2 

183 

131 

44 

315 

829 

13 

137 

62 

10 

184 

134 

16 

318 

770 

18 

142 

60 

: 15 

185 

128 

28 

320 

797 

14 

145 

65 

1 14 

186 

140 

11 

322 

794 

14 

148 

, 69 

17 

187 

136 

14 

325 

816 

18 

150 

70 

18 

188 

135 

26 

328 

878 

14 

151 

74 

13 

189 

143 

16 

330 

844 

14 

152 

73 

17 

190 

144 

16 

332 

911 

17 

153 

76 

32 

191 

139 

6 

336 

953 

20 

164 

81 

22 

192 

149 

11 

340 

971 

20 

155 

78 

21 

193 

150 

14 

342 

975 

19 

156 

82 

20 

105 

154 

0 

345 

915 

14 

157 

81 

38 

198 

156 

10 

347 

1026 

17 

158 

85 

31 

201 

179 

10 

350 

1054 

18 

156 

83 

22 

203 

184 

13 

352 

1085 

22 

160 

87 

43 

206 

195 

16 

357 

1084 

17 

161 

89 

30 

212 

209 

16 

360 

1133 

17 

162 

92 

36 

217 

231 

17 

363 

1206 

16 

163 

93 

53 

222 

240 

17 

366 

1212 

10 

164 

96 

38 

226 

247 

14 

370 

1300 

15 

165 

94 

55 

231 

266 

10 

373 

1287 

15 

166 


30 

237 

285 

15 

376 

1331 

19 

l«7 


40 

242 

306 

9 

382 

1374 

13 

168 


63 

247 

322 


387 

1455 

10 

169 


19 

251 

350 

Kl 

391 

1610 

4 

170 


61 

266 

365 

10 

396 

1666 

3 

171 


30 

262 

304 

9 

401 

1498 

5 

172 


37 

266 

418 

6 

411 

1747 

6 

173 

110 

52 

272 

464 

16 

417 

1850 

1 

174 

no 

30 

276 

480 

U 

432 

2240 

1 

175 

112 

46 

282 

518 

14 
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foTAL LknGTH -^STANDARD l^SNQTH RaTIOB 1,670 IvAKk, T* HIE SubEPB 

HEAD Akranusd BY SiZK Ghoupb o> 26 Mm Intkrvaim, Standabi> T PNGTH 


Standard lefigth 

T1 

Numhrr of 

interuoi in mm 

8L 

5pfcu>ven« 

76 99 

1302 

6 

1(X)'124 


0 

125-149 

1 276 

44 

150 174 

1274 

688 


1 266 

398 

200-224 

1 268 

42 

226-249 

t 265 

36 

250 274 

1 246 

27 

275-299 

1 250 

49 

300-324 

1 242 

79 

326-349 

1 233 

85 

350 374 

1226 

HI 

376-399 

1 222 

27 

4<KM24 

1 217 

10 


of sheopshoad of diffen nt sms It has been so plottf d that standard 
longths in nuUmietors may be (onvirted nadily to total lengthe in 
inches and vice \(rHa, and eight in giams to weight lu oimcoM and 
vice \ersa Ihe eonversion of standard to total luigths and its re- 
verse was accoinplislied by nuans of the total length standard h ngth 


ratios 



dettrnuued cmpintally for 1,570 fish that ranged from 


84 to 417 millimeters, standard length (Table VI) In Table VII 
total lengths in inches and millimeters have lieen converted to stand- 
ard lengths in millimeters by employing the ratios shown in the 
last column The curve of Figure 3 illustratts very will the fact 
that the weight of the shoepshead mfreasos proportionately more 
rapidly than the length — there is a sharp nse m the curve with 
increase in fish-length 
T L 

The ratios of Table VI arc of interest in that they show a 

o Jj 


progressive decrease with increase in the length of the fish, that is, 
the tail of the sheepahead becomes relatively shorter with growth 
This conclusion spears to be in contrast to the results found for 
several other Great Lakes species of fish, such as the Lake Superior 
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TABLL \II 

Conversion of Totai I enothm (1 I ) in Inimkh and Mm (Round Num 
berh) ok the 1 ARE Kkie Sheepshead r<j Standard Lengths (S L ) in 

r L 

Mm, »y J miioying the / Ratios Shown 


1 


Total length 

111 inchttM 

Total length, 
in mm 

Standard kngth 
m mm 

r 1 

SI 

1 

26 

20 

l 302 • 

2 

51 

39 

1 302* 

3 

76 

68 

; 1 302* 

4 

102 

78 

1 302 * 

5 

127 

98 

1 302 

6 

152 

118 

1 289 t 

7 

178 

139 

1 276 

8 

203 

160 

1 274 

9 

229 

181 

1 205 

10 

254 

202 

1 267 

11 

279 

222 

1 269 

12 


243 

1 266 

13 

330 

266 

1 246 

U 

350 

284 

1 250 

15 

381 

307 

1 242 

10 

406 

330 

1 233 

17 

432 

362 

1 228 

18 

467 

174 

1 221 

19 

483 

396 

1 222 

20 

508 

417 

1 217 


1 


* Hid Hmallotft fish available MM 84 mm standard length 
t Intcr]K)late<l 

longjaw and tho three Hj^eeieH of |Hk(-ixrch('H from Lake Krn , for 
ail Mzew of which a single (onversioii factor can be employed 

As a part of the study of the length-weight relationship of the 
shef|>Mhtad, the value of the eoeffieient of rondition, K, was deter- 
mined for individual fish by means of the well-known formula 
W X 10* 

K where W » weight m grams, and L standard 

length in millimeters An increase m the value of K represents an 
improvement in the condition of the fish 

The results of this study of condition are summanzed in Table 
VIII In the mam body of the table are presented the variations of 
K with change in length in each age group At the bottom of the 
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CoKFnClKNT OF CONDITION, /f, OF THF f AKb ItlB ShBEFRURAD 
ACtOKDINO TO Aor AND LkNUTH, WITH SkXB 8 ( OMHiNKD 

The numbers of Mpenmenw are Hho^^n in pHreiitheacut 


1-^engtli group 




Agt group 




Grand 

in mni 

1 

11 

III 

IV 

V 

VI 

VII 

Vllf 

averagt 

l2(P-n9 

2 25 









2 25 


(6) 








(8) 

140-159 

209 








2 09 


(77) 








(77) 

160 179 

2 10 

2 IS 







2 to 


(2iS) 

U) 







(2 >4) 

IHO 199 

209 

2 00 







2 08 


(Rl) 

(16) 







(Hi) 

205 219 

2 09 

2 19 

2 03 






218 


(0) 

(42) 

(1) 






(40) 

220-239 


209 

2 21 






2 14 



(18) 

(U) 






(31) 

245 259 


1 81 

2 11 

2 17 

2 19 




2 12 



(1) 

(8) 

(4) 

(4) 




(17) 

200-279 



2 13 

2 20 

229 




2 22 




(0 

(8) 

(6) 




(13) 

280-299 




2 26 

2 22 

2 43 

2 17 


2 27 





(5) 

(ID 

(4) 

(1) 


(^D 

30a3l9 





2 22 

2 27 

240 

2 41 

2 30 






(8) 

(8) 

(8) 

(2) 

{^D 

320-339 





2 18 

2 34 

2 36 

2 52 

235 






(3) 

(8) 

(7) 

(4) 

(22) 

340-359 





2 23 

2 29 

2 42 

2 34 

2 34 






(D 

(U) 

(7) 

(3) 

m) 

300-379 






2 24 

2 38 

2 62 

2 62 







(4) 

(4) 

(W) 

(24) 

380-399 






2 43 


2 41 

2 41 





■ 


(i) 


(4) 

(8) 

400-416 








2 67 

2 67 









(D 

(1) 

42(M39 








2 78 

2 78 









(D 

(D 

Orimd average 

^08 

2 10 

2 16 


2 22 

2 32 

2 38 

254 

2 16 


(3^) 

(78) 

(25) 


(3i) 

(34) 



(24) 

(3!) 

(830) 

■ PiJ w-^ 
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table may \>o found th< aviraRf of A for each agt ^roup, and in the 
rolurnn at the extreme right the variations of K with change in 
length, all ag<s combined The grand averages at the bottom of 
the table indicate that thf value of A increases progri ssively with 
each older age group Apparently the oldest sheepshead of the 
sarnpleH W(n in the l>est condition 1 he values of K in fish of a 
Mingle sijse group (body of tabh ) show yx rhaps an even stronger 
tendeiuy, although not a more consistent one, to increast with tlu 
age of the fish 

Since tlu siuicsHively older fish of a single size group are the 
slower-growing onfs of that group, the possibility is suggested that 
slow growth may 1 m correlated with a high vahu of the coefficient 
of eondition Such a eornlatioii was found to exist in the Lake 
Superior longjaw However if growth rate and condition are cor- 
relat^eti in the sheejisheael, it should also be true that the values of 
K decnase progrcssuely with an increase m the length of the fish 
in any single age group The data (body of table) do not show 
Hudi a d((rtast C/onsequcntly, it cannot be said, on the basis of 
the data now available, that growth rate and condition are corre- 
lated in the sheepshead It is possible, however, that such a relation- 
ship may actually exist, but that its presence is obscured by the 
combination of thf sexes in the samples It is not known to what 
extent the sexes differ in growth rate and condition Since in many 
species of fish the coefficient of condition is higher in the females 
than in the males, it is possible that the absence of a consistent 
trend is due to differences m the sex ratios in the vanous averages 
The only safe conclusion that may be drawn from the data avail- 
able at present is that the condition of the sheepshead improves 
with age 

The grand averages m the column at the extreme nght of Table 
VIII reveal a general tendency of the values of K to incteaae in 
the larger fisL Noticeable changes may be observed at lengths of 
200, 260, and S60 millimeters 1 hese changes, however, are associ- 
ated with a shift m the ago groups that dominate the different aver- 
ages rather than m the sise of the fish These averages, then, show 
the change with the age, not with the size, of the sheepshead The 
high average value of the coefficient of condition (2.16) indicates 
that the sheepshead belongs to a group with a rather heavy body 
form 
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VII SUMMARY 

1 This htudy was based oa sheepshead (Aplodinotus grunmens 
Rafinesquo) taken from Lake Ene by means of trap nets and gill 
nets The data on length-weight relationship were based on 2,18i 
fish, and thos( on age and growth on 784, all of which wore taken at 
Vermilion, Ohio, and Sandusky, Ohio, during the jjenod August 
17 — November 21, 1927 Ihe 1,570 sheepshoad employed for the 
study of total length-standard length relationship wtre toIletUd at 
several ports in 1927 and 1928 

2 Ihe Lake Ene population of sheepshtad consisted of age 
groups 0 \ III as represented in the collections \ge group 1 (year 
(lass 1926) predominated comprising 56 2 per cent of the combined 
samples The oldest and largest spiccimen eolleeted was in at least 
its seventeenth yeai, measured 576 millimeters m standard length 
(about 27 2 mches total length), and weighed 7 jxmnds 14 oiiints 

3 Ix*ngth frtqueneieH exhibited distinct modes at 105 and 170 
millimeters only 

4 Considerabk variation otcurred m the growth of tht difftniit 
year dassis 

5 The sheepshcad grows most rapidly m kngth during the first 
year of life when about 27 per cent of the length reached in tlu 
eighth year is completed 

6 The annual increment of growth in w tight me reuses progres- 
sively dunng at least the first nine years of lift , which indicates that 
sheepshcad of this age with an average weight of 2} pounds are still 
m the midst of a fast-growing period of life so far as weight is con- 
cerned Only 2 per cent of the total growth in weight attained m 
the ninth year is completed in the first yt ar of life 

7 The “law of growth compensation” applies to the Lake Ene 
sheepshead 

8 A curve is presented that shows the relationship between the 
length and weight of sheepshead of different kh«?s The curve fa- 
cilitates the conversion of atsmdard lengths in millimeters to total 
lengths m inches and vice versa, and of weight in grams to weight in 
ounces and vice versa A table is provided m which the total lengths 
of aheepshead from 1 to 20 inches long are converted to standard 
lengths in milluneters 

9 The total k ngth-standard length ratios decrease progressively 
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with an increase in the length of the fish, in tontrast to the results 
found for several other HfieeieH of Great I^koH fish, for all sizes of 
which a Singh converKiun factor could bf employed 

10 Ihe coefficient of eondition, A, increased progressively with 
the age of the sheepshead It could not lx established from the 
data available that slow growth was correlated with a high value 
of A 1 he high average value of A (2 16) indicates that the sheeps- 
head IS a heavy-bodied form 
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